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PREFACE 



In issuing ai) English Edition of M. Paul Berths famous 
Book, the Publishers would mention that its success has 
been so great in France that in 3 years 500,000 copies have 
been sold, and that there is scarcely a school, even in the 
smallest Tillage, which does not use it. 

The translation, which we owe to the pen of Madame Paul 
Bert (a Scotch Lady), has been modified so as to render it 
suitable to the requirements of English schools, but the 
general plan of the work has in no way been changed. 



FIRST YEAR 



OF SCIENTIFIC KNOWLEDGE 



NATURAL HISTORY 



I — ANIMALS 



PIVISIONS OF THE ANIMAL KINGDOM 

. Classificalion. — The study we intend to 

Bursue logether on the prcsant occasion is, as you know, 
Natural Hislory, and we will Ijegin wilh the most inte- 
realiiiE pari of this science, and that with which yon are 
already brst acquainted, namely, the natural history of 
animals. 

Animals, I am well sure, interest you more than 
plants, and much more than stones. For animals 
f^row, and move about; they feel, and manifest will; they 
Uve and they die. Plants also Jive and grow, and die ; 
hut ihey never move out of their place, and feel neither 
blows nor caresses. As for slonps, they neither move 
about, nor do ihoy die, and they remain for ever un- 
changed, if nothing comes about to displace or alter ihem. 

You already knew all this, and you are moreover aware 
that animals are exceedingly varied in shape as well as 
in size. A whale, a fly, an elephant, a sparrow, a tiger, 
a snail, a cockchafer, a spider, an earth worm, are 
animals that widely differ from one another, and you 
have all certainly neard about them. Their history no 
doubt inteiests you, and you like to learn what services 
ihey may hi.- able to yield us, or witli what dangers th^ 
IB nnace mankind. 

This is not all. you are also aware that we ourselves 
b) many respects resemble Mome auimals, especially 
if wo consider our internal construction. You know 
ibat you have a heart beating in your breast, that you 
htm lungs with which you breathe, a stomach and 
ifltifulinef that digest, cifes ihat son. and earn ibiitVew. 
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And if you have ever happened to look at a butcher's 
staill, or to have seen any one prepare a rabbit or a hare, 
you know that the ox, the sheep, the pig, the rabbit, 
and many other animals have an internal * organization 
more or less similar to our own. Thus in studying 
animals pretty closely we Study our own selves, and you 
can all easily conceive how very interesting this must be. 

But the first difficulty that presents itself is, to 
determine with which* part of our wide and interesting 
subject we shall begin ; and I have no doubt you would 
feel yourselves somewhat at a loss, were you left alone to 
decide this. I will give you my opinion. In the course 
of the^e last years, since you were quite little children, 
we have learnt together* a great many things about 
animals ; your readmg books, story books and picture 
books have also given you instructive and attractive in- 
formation on the same subject. 

You all know, as well as I do, that the lion is a great 
African animal that kills and devours oxen and even 
men ; that the ostrich is a large bird that lives also in 
the African desert, and you may have pretty correct 
notions about sharks, rattle snakes, hwmming birds, 
crocodiles, camels, and so on. Now that you have grown 
big, we must give up learning all these things at ran- 
dom, and arrange all our notions of animals in 
proper order, for tnis is the only way to retain what we 
learn, and to be able to profit by it. We will complete 
our knowledge as we go along. 

For this purpose we must not study animals the one 
after the other, without method. We must follow out 
what naturalists * call a classification, and group together 
the animals that have the greatest resemblance to each 
other, so as to avoid having to repeat in reference to each 
of them that which they all have m common. Thus we 
will put all the birds side by side, and say once for all 
that they all have a beak, wings and feathers. 

But it is no easy matter to make a good and rational 
classification. One must know exactly in what respects 
animals resemble each other, also what differences exist 
between them, and this demands attentive examination 
without and within. 

12. Animals that have bones and animals 
tliat have no t»ones. — Can you tell me, George, 



DIVlSIO^S OF THE ANIMAL KINGDOM. 9 

WiaE difl'ercnces there aiij bctwoen a horse and a (ly ? 
I sttc the question makes you laugh. But that is not a 
sufficieat answer ; try and tell me. Well, Kir, a horae is 
a very big animal, and a fly is quite little. That's true ; 
but here is a wood-cul which shows you a fly magnified, 
and another in which a horse is represented quite 
little. You would never take the one for the other, not- 
withstanding the sine. Do youseisnothingetse? — A fly 
has wings, and a horse has none. — Ah! that is bettor : 
hul suppose some accident had deprived the poor fly of 
its wings, would it then be quite like a horse? Of 
course not. What other difiorence could you find, Paul? 
A horse is covered with hair, and a fly has none. Are 
you sure of that? Catch a fly and look at it witli this 
glass '. Bee, its body is covered with hairs. True 
they are very small, hut yel they exist. James, I see 
you have something to say. — Sir, a fly has site legs, and 
a horse has but four. — Ah I that's a good observation, 
and will hereafter prove useful. But supposing the fly 
bad lost, along with its wings, two of its legs, what 
then, can you find no other difference? No, say you. 
Ah! there are many neverthelBss, and very great ones 
loo. 

Can we crush a fly? Oh ! yes, very uasily, and nothing 
1-emains but the external parts : the skin, the legs and 
the wings. Could we do the same with a horse? Iknow 
very well that we have notinourselvessufficientslrenglh. 
But suppose a house were to fall on it, would it thereby 
be crushed and reduced to a sort of pulp, as was thd 
case with the fly ? No, and why ? Because the horse has 
inside its body hard parls^ bones that cannot be 
rrwuhed, whilni the fJy has none, not even veiy liny 
onef. 1. The borsetbenis an animalthathas bones, 
its body is supported by a skeleton, as we call the whole 
of the bony frame ; the fly is an animal that has nO 

booes. 

Another difl'erence of no less importance. 2, Were a 
fly to he pricked, a drop of col-ourless liquid would come 
from the wound. But if a horse be pricked, what will 
flow from his wound? Ah! I see you all know that, 
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blood! Yes, blood, a red liquid, very curious to examine, 
as we will do hereafter. 1. So animals that have 
bones have also real blood, red blood. This is an- 
other important point. 

5. Vertebrates. — Besides the horse, do you 
know any other animal having a skeleton and red 
blood? — 2. Oh yes ! Sir, the cat, tne dog, the pig, the ox, 
the rat, the hare. You might add your own self to the 
list, don't you think so ? — Oh ! Sir. — Ah ! you feel 
offended at being counted amongst animals. Yet it is 
quite correct to do so : we eat, we breathe, we are born, we 
die in the same way as animals do, and we are fashioned 
just like animals with blood and bones. This in 
no wise diminishes our moral superiority however; for 
though we live and breathe no better than animals, we 
think infinitely more and better than they. So there is 
nothing shocking or offensive in the fact, on the contrary. 

But let us return to our subject, I must say, you 
have displayed but little imagination in searching out 
your examples. All the animals you have mentioned 
are very like each other, for they are all fourfooted, 
and are clad in hair, or fur. They are hair or fur 
clad quadrupeds *, Do you remember any others that 
have blood and bones ? — Yes, Sir, the birds, — Very 
well ; any others? — Fishes, — Any others still ? — Ser- 
pents, frogs, lizards. — Quite right ! and what general 
name is given to these three last? Reptiles. That's 
right. We will come back to this in a little while. 

3. So, Quadrupeds B (fig, 1), Birds C, Reptiles D, 
Fishes E, may be classed together as having bones and 
red blood, 4. They all come under the general name of 
Vertebrata, because among the bones of the body a 
certain number, called vertebrce, form the spine or back- 
bone, from F to Gr, hence the name of vertebral or 
spinal column given to the whole series of those ver- 
tebrae. You may easily feel them under the skin, all 
along the back. 5, Some vertebrates have no limbs, like 



1. In what animals do we find red 
blood ? ^ 2. Name some animals 
ormed with bones and having red 
blood, and in some respects resem- 
bling a horse. — 3. Name some other 
Mulmals quite diffeireni from the horse, 



but that resemble each other in ha- 
ving bones and blood. — 4. Under 
what common name are all these ani- 
mals ranked? — Why? — 6. What 
peculiarities does the skeleton of the 
serpent present? 



DIVISIONS OF THE ANIMAL KINGIIOM. II 

Berpents D, the -vertebral or spinaJ column, together 
Witt tho head (or properly speaking with the skull, r 
■ hones of the I 



hpart taken as a whole), 




form, in their case, all the skeleton , but almost all ver- 
lebralfs have limbs. \\ r willionUnuL this pari of our 
study afterwards. 

4. Annulatft. — 1 We will now pass on to ihose 
animals that have ne'Uker hotter nor ted bluud, and are 
called inverlebrales, to distinguish ihcm fiom the 
Otliers. 

2> Wc have already spoken about the f}y that has two 
wings and six feet. Do you know any other i-reature 
you mitfht class along wilh iT l^hall we saj a cofft- 
cha/er flig. 2) ? Yes : evidenllj Hon many » ings has a 
cockchafer? — Four. — How many leel' — Sue. 
Quite so. — Mention another. — A buller/Ty [fig. 3). 
— It has also four wings and six feel. — A dragonfly 
(fig. 4) has also four w-ings and six feet. — Quite 




;h That 

'. footed 



enough n the mean dnie \ AU Ihoxe 
iCures are called Insects 



^^ an 1 
f S 




^ Now le s ca h a spider f g 5 Is very lika 

I ins ct but t r es upon e yht fe I 

3. Ihis milleped {be. 6) has at least 30 uairs. If 
you Inok closuly at all theKo animals, you will sec that 
their body is composed of a series oC rings strung 
togelJiei as it were, and working nnon one anolhur,ar(i- 
cutaled the one on ihu other. Tliat loooUhuse (fig. 7) 




e running in yon corner m also composed of a suc- 
cession of rings. 

4. The crayfish jfig.8),also, belongs to this group, only 
ihc rings that form its Dody are hard and crusty. Itis there- 
fore called a cniBtacean (from tho Latin crunta, a crustj.i 

Here now is an earthworm [fig. 9], and here a toecw 
(fig. 10]. They also have rings; only the head is not 
distinct from the body, neither navt' they fpol ; their skin 
is not coriaceous like that of insects, nor stony and hard 

1. Willi generil iiamr- u ^h.'n lo I 3. Tu wlist Kroup it the millcpad 
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like that of a i^rayfish . 1 . Thi 
name of worms. 




2. Insects, Spiders, Millepeds, Crustaceans and 
Worms arc often designaled hy the general name of 
annulata (from the Latin annulus, ring), because their 
bodies all seem to he composed of rings. 

S. nollusean. — Look at this slug (fig. H) ; it is 

Suite naked, soft and pulpy; and again this snail 
. ig. 12), quite as naked and pulpy, although it has been 
cleyer enough to make for itself a nhell tiiat protects it, and 
wherein it finds house sheltiT; see this mussel [iig. 13), 



^ 



(niDlJuiir). 



whose body is sheltered between two shells. 3. In lltese 
animals no traces of ring shaped divisions are to be 
found : therefore they are not annulates. They have 
neither bones nor red blood': so they cannot be' ver- 
tebrates. 4, The name given to tbem is HoUusca. 

6. ttadiates. — Lastly here are two illustrations. 
The one represents an animal very common on the sea 
shore.and which bears the characteristic name of siar- 
fiah (fig. 14). The other (iig. 15) is a magnified repro- 
sentatioD of a tiny creature that lives in colonies' formed 
by countless numbers of little beings similar to the one 
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figured here; those minute animals, called polypi, de- 
posit around themselves a sort of slimy stony sheath, 
and the reunion of all those sheaths constitutes what is 
called a j>o/j/;>ier,- these polypi often acquire great diraen- 
siona, and form rocks, reefs' and even islands. 1, These 
animals, although, as we shall see later, belonging to 
two widely different groups, differ from all those which 
we have hitherto considered in having a central mouth; 
2. as the body is produced into a series of rays which 
surround this, the term Radiates is oftt^n applied to 
these similarly-constructed animals. 



• 







This is then iho basis of a classification of what has 
been called the Animal Kingdoi-i. 3. There are, as wc 
have seen, four great groups : 1. the Vertebrates, 2. the 
Annulates, 3. ihe HoUuscan, 4. the Radiates. The 
best thing we can now do is to study these different 
groups, each in its turn, considering briefly the princi- 
pal animals comprised therein. 



SUMMARY, — Divisions of the Animal Kikgdom. 

1. CcBeralltle* (p. 7). — An animalgrnws, moves .ibout, feels 
lives and dies. 

'B oiilorils place, 






I unchanged untess displaced, broken, ( 
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A. The animal kingdom comprises 4 great groups, Vertebrates, 
Annulates, Molluscans, Radiates. 

5. Vertebrates (p. 10).— By this name are designated all ani- 
mals having boneSy or what is called a skeleton : a horse is a 
vertebrate. 

6. The name of vertebrate is based upon the fact that amongst 
the bones of these animals those that form the spinal column are 
called vertebras. 

7. The vertebrates are the only animals that have red blood. 

8. Annalates(p.l2). — The annulatea (inserts, spiders, mille- 
pcds, crustaceans, worms) are animals that have neither bones, 
nor red bloody and whose bodies are formed by a series of rings 
juxtaposed, and that play on one another. A woodlouse is an 
annulate. 

9. noUascans (p. 13). — The Mollusca have neither bones, 
red blood, nor rings. Their body is soft and pulpy, sometimes 
hidden in a shell. A snail is a Molluscan. 

10. Radiates. — Certain animals are possessed of a mouth 
which, unlike our own, is centrally placed. When the body is pro- 
duced at the sides of this into a series of rays, such animals are 
often called Radiates. The starflsh or sea-star is a Radiate, as is 
also the Sea-Anemone. 
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1. The Vertebrates, as we have already said, are 
animals thai fiave bones and red blood. 2. We also 
know that they are divided into several great categories : 
Mammalia, — Birds, — Reptiles, Amphibians, and 
Fishes. 

7. Mammalia. — 3. There are, in the first place, 
Quadrwpeds* covered with hair or fur. 4. As they nou- 
rish their young with milk, the name of Mammalia 
(fig. 16) has been given to them, mamma being the 
Latin name of the udder or organ that gives milk. 

9. Birds. — Tell me what characterises Birds 
(fig. 17), what do they all possess? — 5. You told us that, 



1. What are the general eharac- 
teristics of the Vertebrates ? — 
2. Into how many categories are they 
divided and what are they? — 



3. Which group ranJcs first among the 
Vertebrates? — 4. Why is the name 
Mammalia given to them? — 5. What 
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the water so as to be able to breathe air, it ivould be 
drowned. Some men are able to remain with their heads 
under water for two minutes without being asphyxiated, 
that is to say, suffocated ; as for the frog, it can remain 
much longer, but not above an hour, excepting during the 
cold winter season, when the frogs become torpid, and seem 
quite dead. So you see the frog is an aerial animal, 
like the lizard and the serpent. The frog, however, has not 
been thus all its life. 1. When young it was a tadpole, 
you all know that; it then lived continually in the 
water, and was an aquatic animal. 2. So here is an ani- 
mal which when quite young was aquatic, and that has 
become aerial after having undergone what is called its 
metamorphosis or transformation. For it and its allies, 
toad, salamander, newts 3. a group has been formed, 
called the Amphibians*, which signifies double life. 

Still another difference exists between Amphibians and 
Reptiles. Examine the skin of the frog, it is moist and 
nearly smooth; now look at that of the snake : is it so also, 
George? — No, Sir, it is quite covered over with scales. 
— Like that of a fish? — Yes, Sir. — Look again, you 
have made a mistake. See, the scales of the goldfish 
are quite distinct and separate, so that were it handled 
too roughly, one or more might be wrenched out just as 
a hair niignt be pulled fi'om your head or a feather from 
a bird. This is quite impossible with the scales of the 
snake ; what you take for scales are merely folds of the 
skin : they are called false scales. 

Let us now recapitulate. 4. Reptiles are aerial ani- 
mals ; their skin is covered with false scales. — 5. Am- 
phibians are aquatic animals in their youlh, and aerial 
when fully developed; their skin is bare. — 6. Fishes 
are aquatic animals; tlieir skin is covered with real 
scales, distinct the one from the other. 



1. What was its mode of existence 
when it was a tadpole? — 2. What 
deduction do you draw from this 
fact? -^ 3. What group has been 
formed for animals of the same kind 



as the frog? — 4. What are the cha- 
racteristics of reptiles? — 5. What are 
those of the Amphibians? — 6. What 
are those of fish? 
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SUMMARY. — Vebtebrates. 
il«iitlDa arvcrlcbratcit (|i. 13). — Tertebratei ai'u divi- 
ilo KCU'ral inipurtanl calegcirii's, namely Mainmnlin, liivflu, 
Repliiei, AmphibianB and Fishes. 

i. Warm-blooded anlniBlH (p. 16), — The mammalia art 
hair cind. anil give niilk l<i Ihcir young. 

3. Birds liave a Itill (ir bi'ak. niiiuK, luatherR and two feci. 

4. Maiiimalin and bird)' liav ("urni hlood. 

5. Cold' blooded anlnuiU (p. 16). — ReptilBt linve raM 
l-lood. thoir skin In con-i'ed wilh false stains. 

8- Amphibiam liave cold blond, Ihoir tifcin is bure. When joiing 
Ihey live in water and are aquatip. Wlien tall grown limy brealhi^ 
air, and are <ihliged tu come to Ihe surface tur thi^i reason : the] 
are then aerial onimnls. 

7. From tills double life thi^y take their name of Amphihiatii. 
a word ttignir^ing tmo lives. 

8. Fiahei have cnld blood, an.- aqiuitic. Their skin is covered 
wilh real icales, distinct from one unolher. 
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VERTEBRATES. — 1 Mammalia. 

II. IHankinil. — Vie will be^in \hc sliidy of 
Mammalia with manln'nd; for man lielonp;s lo lltal ca- 
leRnry. 

I willingly allow that man would have. wpII me- 
rited a particular division, all for himself, so great i,i 
his superiority overall theotlier members of the group. 
But let us for a roomenl forf^et our intellectBal faculties, 
and consider only our body ; in this case we cannot but 
confess that we have no litde resemblance to monkeys. 

We walk upright, however, and stand erect on our two 
logs, and tiiat monkeys cannot do; we have strong and yot 
delicate hands, wilh wliicli, on account of the existence 
and position of the thnmb, W'. can grasp firmly or feel 
nicely. Our body is aImo.st hare, excepting tne head 
and part of the face. 

All the members of the humao family who live dis- 
persed over the surface of the globe are not exactly 
simitar lo die men of this country. Even here in our 
villa);e thi-rc uie fair people and thirk peo\'ilft. ijw\\.-j 
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JifFerent from each other, A hig fair-huired naiive of' 
DentQark' for instance, and a little dark Italian reseiiLble 
L each other stilJ less. But all the populations of Europe 
H^ta'e awhitish skin, as we have (fig. 31), regular features, 

1 Fi 





Fig. al- 



io (L;uroi*), 



■-•, (A,U). 



I straight nose, well p 



loth bat siliy 



and sometimes wavj hair, Chinese (fig. 22} have yellow- 
ish skin; their hair ia smootli, black and rough; iheir 



k 



obliquely set, (heir teeth prominent. JVfl- 



^I^H' 




gmes (fig. 23] have black skin, frizulcd woolly hair, vary-^ 
prominent jaws and a broad llatlsned-out nose; Ihey 
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.are less inlelligmit tban the Chinese, and much less sti 
than while men. In America (fig. 24), there exists 
another race, which somewhat resembles ihe yeUow 
, only the men are taller and stronger, and their 
skin has a reddish tinC. There are also many other 
races of less numerical imporlance or less easily defined. 
1. We will for the lime being take notice only of the 
white race of Europe, the yellow race of Asia, the 
black race of Africa, and the red race of America. 
Only you must know (hat while men heing more intel- 
ligent, more industrious and more courageous than the 
others, have spread over the whole world, so that the in- 
ferior races disappear as tbey are subjugated ' by them. 
Moreover, the inferiority of some races of the human 
family is most manifest. For instance Australia* is 
peopled by men of stunted stature, with blackish skin, 
straight black hair, and very small heads. They live in 

f roups, and neither cultivate the ground nor possess 
omestic animals (excepting a sort of dog). Their intel- 
ligence is ve^y limited. In other parts of the world 
some tribes exist that do not even know how to make 
fire. 

IS. Honkej-s. — In the highest rank amongst 
monkeys or apes we must place three great species 




much more intelligent than the others, and having 
(doaor resemblances to the human family. 

9. The most anciently known of these large monkejs 
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is the Orang-outang (fig. 25), which lives in the forests 
of Borneo*, and wnose stature sometimes reaches the 
height of more than 4 feet. On the Gaboon* coast and 
in Guinea* the enormous Gorilla (fig. 26) is to be found. 
This powerful animal has been known to attain the 
stature of 6 feet. The Chimpanzee (fig. 27) also is 
an inhabitant of these same countries ; its height rarely 
goes beyond 4 feet. 

These animals have no tail, they walk generally 
with the help of both feet and hands, putting only 
however the knuckles of these last to the ground; 
sometimes they even stand almost erect like a man. 
But like all other monkeys, their great toe is like 
a real thumb, separated from the other toes as our 
thumb is from our fingers ; this enables them to climb 
with the greatest ease ; they are able to seize the 
branches of trees with their feet as well as with their 
hands. 1. This is the reason why you will often find 
that monkeys are designated by the name of quadru- 
mana (four handed), wnilst the name of bimana (two 
handed) is applied to man. 

These great monkeys live in little families, are ex- 
tremely intelligent, of course I mean for animals, are 
easily tamed* when caught young, and can be sometimes 
trained to make themselves useful in household service 
on account of their stature and their almost erect gait. 

The other species of monkeys are extremely nume- 
rous. They live in the warm climates of both hemi- 
spheres*, almost always in countless troops, gay and 
noisy, always climbing, gamboling and teasing one 
anotnejr in tne forests, wnere they mainly feed upon fruit. 

15. Bats. — We shall now pass on to the Bats. I am 
sure that at first thought, it astonishes you that I should 
range the Bats amongst Mammalia. Have they not 
wings ? I have no doubt that the fact of their flying 
would rather induce you to consider them as birds. 

In order to give you proofs against such an error, 
I caught one last nignt, by means of a light, and put it 
in the schoolroom, leaving the window open. Here it 
is quite unharmed under this glass shade. Let us set to 
work and examine it (fig. 28). 

/. What name ia often givea to monkeys? 




^4. In ite first place, wu seo Uial its body is covered 
not willi leathers, but with luiir; moreover, its head is 
Kiionied niih a, pair of long ears, and certainly yoii 
never saw a birdiave oars. To enable us lo examine it 
more closely 1 will take it out of its prison: only, for 
that purpose, Iwill prudently, but 
without hnrling^ it, make use of 
a pair of pincers. Why so ? ■;^ 
Because it has got \ery sharp ^ 
teeth, and would be yery ready ^-_ 
to use them on my hands. You 
nevcrheard of a bird having teeth, 

did you? Thus the bat has nei- ^^ _ i),[a (Mjmmaiiai 

ther a beak nor fealhers, whilst '^ Tho baihas neithorliJot 

it is provided lH-ith teeth, long tiQrtmlhoraitulhMluir.eir* 
r .1.1.° sniileelh. llsitipgBtraconi- 

earS and tur ; it cannot then be a pu^d or the skin of iim imck 

bird. "Hi bfeMl »lHtch.d oul, .«A 

, , -^ n till I ausLained bj IhB prDlonifB- 

And Its Wings? Ah! they also i;on of iha mi^rWeE. — 
demand close examination. See ^""""n^*"'""'"'^"' '" 
I liave spread one out completely. '^""' ""' 
How different it is from a bird's wing. 2. It bears no 
faatherB whatever; it is composed of a thin m&mJrrane' 
m film stretched out upon a bony frame, and unfolding 
like a fan. The bones are in reality those of the fingers 
considerably lengthened out. The membrane is double, 
and is fofmed by a prolongation of the sftt« oflhe back 
nnd that of the breast, which has become in that par- 
ticular place very thin. This membrane extends from 
the arm to the tail, embracing ibis and the leg. This ia 
(.ertainly a very odd kind of wing. 

Now, in order to see how our bat can use these 
strange wings we will let it free. See, it flies away 
elumflily and heavily, and seems not lo know where to 
direct its (light. Can you tell me why? 3. Of course 
you can. It is because the sun is hrignt, and the poor 
hu that shuns light and never comes out of its corner 
until twilight', being what is called a. nocturnal' Kuimal, 
is altogether daitztcd. Ah ! it has found the open 
window, and will now be able to go and hide itself in 
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some dark hole or cellar. There, with its wings folded, 
it will suspend itself by its hind claws, and will sleep 
head downwards all day lone. 1. In the evening it will 
wake up again, and go fortn to hunt insects, amongst 
which It makes great navoc. 2. So you see thepoor little 
creature is a friend to gardeners and farmers, a/nd 
deserves to be protected. Some foreign bats are fruit- 
eaters. 

3. During winter, bats remain in their holes, where 
they sleep all through the cold season, and need 
neither food nor drink. They are then in what is called 
a dormant or hibernating state*, 

14. Insectivorous animals. — 4. Other mam- 
malia, wingless this time, live upon insects, hence 
the name of Insectivora, insect eaters, sometimes 
given to them. 5. Thev are all of small dimensions : 
you can easily fancy that such food would scarce be 
sufficient to keep alive large animals. 

6. In this country we have the Hedgehog (fig. 29), 
whose hair forms great spines which serve it as defen- 
sive weapons when it rolls itself up in a ball ; it is also 
an animal that sleeps during winter, a hibernating 
animal. 
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Fig. 29. — Hedge-hog. — Instead Fig. 30. — The mole. — It eats while 
of hair it has spines. And sleeps worms or larvae (must not be de- 

through the winter. stroyed). 

The mole (fig.30), that with its strong broad feethollows 
out subterraneous galleries, is another example ; it has ex- 
tremely small eyes, which like the openings of its ears 
are hidden in its soft silky fur. T, It is a great 'f^istake 



1. What is the principal food of 
bats? — 2. What must we conclude 
from this? — 3. Tell me why bats 
are said in winter to be in a dormant 
state. — A. What is meant by the word 



insectivorous? — 5. What is in ge- 
neral the size of insectivorous animals? 

— 6. Name some of these animals. 

— 7. Why should the mole not be 
destroyed ? 



destroy the mole, as people often do; it never L-ats 
me roolB of plants, but swatlowa cocntiess numltorB of 
destmctivR terwue " and worms 
that live deep down in the earth. 

The Shrew Mouse [fig. 31), 
another insect eater of our 
country, is very like the cora- 
mon mouse, only its nose is 
longer anil sharper, and its v\g, ji. _ The threw niuun. 
well-wheHed teeth are perfectly '""''* "" '"«? is. 

adapted to its mode of life, 

enabling the little creature to break open the thick and 
crusty carapaee' of insects. 

i&. Cupiutopous nnintals. 1. We will now 
begin to study animals that live upon (losh, that de- 
your mammals and birds alive. Those are the Ferine 
or carnivorous animak (from the Latin caro, camis, 
Qesh, and vorare, to devour). 

The most perfect and complete type of the race, the 
best organised for the chase, is the Cat. Let us then 
examine our good pussy, if she will kindly allow us to 
do so. Look at her paw, in the first place, see how it is 
armed with sharp cutting claws; she well knows their 
value and lakes good care of them, for when not re- 
(Tuired, they arc withdrawn into the paw [fig, 32j so that 
Uieir points do not even touch the ground, this keeps 
them always in good working order. The sharp point 
of the claw never comes out (fig. 33) of its sheath ex- 
cepting wlien the animal stretches out its toes to climb 
or to strike its prey*. Look at its mouth (fig. 34); see 
on either side these long, strong and pointed teeth 
that lay hold of the prey" ; behind them those others, 
sharp and cutting, that play upon each other like the 
blades of a pair of scissors, learing up the flesh. 
What weapons these arel If a common cat can use them 
80 as to do great harm, just think how a lion or a tiger 
might emidoy them. i. For the liger and the lion 
are merely enormous cats, able to treat a man as a cat 
does a mouse. 

The most formidable and fierce of the iriic, the 



Tiger (fi'g, 35), with its beautiMlv striped skin, is a 
live of Asia. Il is cxceRiiingly hoM and during, and 




lacks man willi such ferocity that ia 1875, in I 
India aloDc, 917 mpn fell a prey to them. 
I The Lion (fig, 36), an inhaliitanr, nf Africa and o 




Fig. 3&. - TigEr (Aaia). Fif, JB. - Lion lAfrioa). 

certain regions of Asia, is less aggressive'; hut it pre; 
heavily upon wild and dnmestii iniraah Ir has """' 
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calculated that each lion 
■ ^utf 800 yearly. 
^ 2!fee jbeaulifully spotted PanChurs (fig. 37) but rarel; 



1 Algeria' costs the colooi 
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attack man. Several species oC iis kind are to be met 
with in Africa and in Asia. 

In South America, Uvea the JagUor (fig. 38). almosL 
n& big as the tiger, but not nearly so dangerous for man- 
kind : its skin 18 cohered with spots. The Pmw« (tig. 39), 
whose skin is neitbpr spotted nor striped, bears also 




the name of American Hon, which name it justifies 
neither bj its strength nor by its courage. 

In Europe, we possess, of the cat kind, only the wild 
cat of our ibrests, the ancestor of our common domestic 
cat, and the Lynx (fig. 40), which is still found on some 
high mountains. 

Neit to the Cols come the Dogs. Their teeth 
somewhat resemble those of cats; but their claws are 
fixed, and cannot be withdrawn like those of pussy. We 
have in EurnpK the Wolves (fig. 41), which, though no 




Pig. tl. — WtrUesalliekiiignD»li[(Euro[)B and Art*). Fig. M.— ThoFoi 

ycry dangerous in the western parts of our continent, 
■re very redoubtable in Asia and in the east of Europe, 
where iheylive in great bands; in Russia they devour, on 
■n average, upwards of two miUions sterhng of cattlo 
yearly. We have also the Fox (fig. 4i\, sl^ aw4 t\.CTft\: 
onnter, that hollows out a home to dvie\i m- 



In Algeria, and Jn other purtB of Al'rka, also on I 
the Asiatic shoi'es of the Mediterranean sea and evt 
in (ireete, lives a sort of liltle wol 
the Jat:lctd [fig. 43}, that makes g 
havoi^ amongst fo^Is and game. 

The Hyenas (fig. 44) are Africi 

animals, they arc big and stroni 

but prefer dead bodies to live flesfi 

They never attack man. ThesMpe 

"olirr """"'""'"""'^ ^y^^^ ^^ * native of Algeria, 

""* ' Bears are lobe found all over tb 

world, except in Africa. In Europe we have the Brow 

Bear (fig. 45); il lives in the Alps', in the Pyrenees', elc. 




)l is not much to be dreaded by man, being of a peaceft 
disposition, for it prefers, like many of its relatives, fni 
ind honey to the Ilesh of ilocks and herds. The U>" ' 
3ea/r [fig. 46) which is to be met with in Spitzbergen' 




Ileighl 4J mcl,fi. Aoifrica). 

(jrceoland*, and in all iey regions of the north, with il 
neighbour the Grizzly Bear [fig. 47), are not of such 
accommodating nature; they consider man as the mi 
desirable prey, and it is often exlromely difficult to j 
out of their reach. 



I pomts 



■'^The Badger, b native of our forests (fig. 48), has some 
pomts of resemblance with the bear; it is uxcepding'ly 




Fig. ( 
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fond of fruit, but by no nutans disdains to pay a visit to 
the poultry yard. 

Great enemies of fowls and small gamq are the Civet 
(Jig. 49), the Martin (fig. 501, the ^Vp^^l■l. ihf ETniint 




Fig. Sa. - PgiB 1^1. 
ponllry aiid «ni>ll RiiiDe. 

(fig. 51) and the Pole cat (fig. 52) all of which are long 
slendercrealures, common in Europeanwoods and hedges. 

In return, we search them out, 501 only to punish iheii' 
tlepredntions but also because 
their skinaffnrds warm and beau- 
tiful /itr. These I'ui-s are how- 
ever much liner and thicker in 
cold countries. In Siberia" mil- 
lions of skius are sold yearly, and 
it ie the martins, ermines and 
sables thai furnish liie greater 
part of ihis cosily merchandise. ■ '- — 

The Otter (lig. 53), long bo- 
died, pursues and destroys the' fishcf 
and rivers. 

18. Eilentato. — The £(/enfo(«, or so-called tooth- 
less animals, are strange creatures unknown in Europe. 
They have few if any teeth, and feed on (iny Ki\wrt^ . "vVxv 




our ponds 



moRt reniai-kalilp member of this family is thsgrfat 
Eater {fig. 54), an inhabilant of South America. 

W length sometimes attains k feet 9 
including the tail, which app( 
measures about 2 feet 4 inch< 
lias no teeth whatever, but is 
ded with a long pointed ton^e a] 
15 inches long, covered wuh el 
and sticky saliva ; which it thrui 
*''g-w,'^T,h''!rrd'l' foi-t*! 'i!'" anl hills or across thffli 
LiieBuiyiniB. wonted paths, llie unsuspeclifij 

ants thai venture thereupon are eoOr 
demned to death, being unable to free theraselyes, sai 
when a sufhcient nuniber ia thus caught the ant eater 
withdraws its tongue, covered with its living burdea 
into its mouth. 

17. RudeDtia. — We have now passed in review 
all the flesh eating animals, at leaft the most iatereating 
among them. 1. Let us 
now glance at the planl- 
eatera, or Herbivorous 
animals. 

The first in order are the, 
Rodenlia or gnawing ani". 
mals. Look at this picture, 
it I'eprosenls a rabbi^tt' 
head (hg. 55). 2. In eaob 

1'iw, you may observe tw( 
ong teeth, which rub UpOI.^ 
each other bo as to gnaw vigorously whatever happen 
to come between them ; the under jaw works b&ckiwt 
and forwards so as to produce the necessary mbhf 
and gnawing movement. This rubbing iaevitably 
ihe teeth, only aa they grow aa fast as they wea 
they always remain the same length. 

The principal membei-e of ibe rodent J'aniily thi 
inhabit our country are : the Squirrel (lig. 56), oimblf 
as a monkey, so gay, so pretty and so lively, in summai 
at least, — it sleeps in its nest all the winter throagltf 
The DDrmoune (fig. 57), and the Gard&ii DormotM 
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(fig. 58), are smaller than the squirrel, but quite aa 
pretly and more dormant still. Then corae the Rats, the 





Mice, the Wood mice and the Field mice (fi^. 59), that 
have earned by tbeir pilfering" such a deplorEible reputa- 
tion: then there are the Hare (fig, 60) and the Itabbit, 
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well known by everybody, and the Mountain rat or 
Marmot (iig. 61), iound in Alpine' regions, bo cele- 
brated lor ils sound hibernal sleep. 

We may also mention among European rodents, the 
Beaver (Iig. 62). Some stray raembera of this family 




are lo he found along the banks of the Bhone*, but their 

Iirincipal quarters are in North America. There they 
live in large colonies"; they construct dikes' upon the 
HverB, build themselves huts, cutting down the neces- 
•kry wood with theirpowerful teeth, and workm^lVa^-^ 



Willi their broad scaij; (ails. In Italy and in Africs 
Porcupines (fig. 63) exist ; they sometimes weigh over 3 
pounds, and their prickles are sometimes a foot long. 

i8. Hopses. — i/orees are real herbivorousorgrajsia 
animals, as you all know ; the nature of their foodmig] 
indeed be guessed hy the mere examination of the 
Lack leelh [fig. 6^1. 1. Instead of being like those ( 



J 



inaei,! eater=i armed willi iharp points or blades life 
those ol flesh eaters theirs are tjiiUe /laltened out, t 
lan but act as giind stone ■! to bruise the grains a 
f.ras'tea on which they feed 

2 A. dii^tmcti^e tharacler common to al! of the hors 
kind, IS that each foot has but owe toe, ended by a sor 
of nail, which completely envelopes the extremity of th( 
toe foiming what is calkd llii' Aoo/' (fig. 65), 
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"19, Ratnln&ntiit. — 1. You have doubtless all 
seen a cow or a sheep chewing Ike cud, or ruminaling, to 
use the scieolific expression, that is to say, chewing, 
although they have apparently nothinc to eat. I will 
explain to you how this liap pens. 2. These animak eat 
very fast,and masticate' hut imperfectly when doineso. 
When they have laid in, as it were, a suiliciency, and are 
at rest, they have the faculty of bringing the food hack 
into their 7iioitlh; it is then chewed at leisure, so as to 
facilitate the digestion when finally swallowed. 

The ruminating animals are almost all of rather con- 
siderable size, some arc even enormous. 3. Their mo- 
lar" or back leelh are flat, like those of the horse; their 
stomach is composed of several pouches, and it is this 

(leculiar character that allows rumination. 4. Their 
eetliave two toes, each of which is protected hy a hoof 
(fig. 67). 5, The first in order of this description that 



i 




1 will mention, is the Camel, two domesticated' species 
of which are well known : the Camel with one hump, 
or African dromedary (fig. 68), and theCamelwith two 
htimps, a native of Asia (69). Both of these are equally 
useful on account of their strength, their docility, and 
fitness for dcseit life. 

In South America there exist animals that hear some 
resemblance to the Camel, only they are smaller, and have 

I. What IS niMiil by Ite wgrit ™- i bpsb? — And lliair sliiuiiii^hs? — 
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SO hump at all. One iipeuies of theso camel-like ani: 




I fiaii). Is otgreal utililj. Riimi- Small toiiici-lilio anin 

•L — ■' a haiop. Huimmnt, 

uLama (fig. 70) , has been domesticated by the India 




— Rno-Door (KuTope). Fig. T4. — Palkw-Deor (Katovt). 

Bumlniul, Hum i nop 1, 

The Giraffe (fig. 71) alandB Bometimes 18 bei 
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L ^gb ; it is only to be i'ound ia Africa, and lint one spe- 
cies is as yet known. 

4. The Deer family, on the contrary, counts a great 
number of species, which are to be lound in Europe, 
Asia, and America. 

2. Thtir principal characteristic is that the head of the 
male is adorned with solid hovTls, which are in reality 
outgrowths of the hones of the skull, that fall o/f 
ana are renewed every year. In Europe wo have 
the Red Deer (fig. 72), the Hoe Deer (fig. 73), the Fal- 




hw Deer (fig. 74), and in the northern regions the Elk 
(fig. 75), about the size of (he horse, and the Reindeer 
\&^. 76), so uaeful in the icy wastes. The female of ihe 

Reindeer has 1 

like the male. 

3. See here 
cow'e horn; it 
bOrtaihollowsheiith. 
On the beast's head. 
this sheath fits 
a sort of bony pro- 
tuberance * of tlie 
ferehead, which fill» 
it exactly. The pi-u- 
tuberance and its 
Aeath < 




All the rtuninantia that bear 
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horns of similar description form a. class apart, and are 
called Hollow homed Rmninanlia. 

Oxen are the largest animals of this kind, and also 
the most interesting. In Europe, in Africa, and in Asia 
. several species have been domesticated. Notwith- 
standing tnere is still to be found, even- in Europe, a 
big headed, humpbacked wild ox. This animallives 
in the forests of Poland*, and is not unlike the Bisons 
(fig. 77], which inhabitin countless herds the prairies of 
North America. 

Sheep and Ooalx are also be numbered amongst do- 
mestic animals. But there exists in the Alpine' moun- 




tains and in the Pyrenees', a sort of wild goat (i 
and in Corsica a wild sheep (iig. 79). 

Lastly, the general name 01-4 nfetopesis applied toa very 
numerous species of other hollow-horned ruminants of 
varied form and size, that live in 
2rds in Ai'rica. The African 
Gazelle {tig. 80), has a world-wide 
celebrity. One species of these 
igileandgracefulci-eatures, natives 
' of South Africa, when migrating 
from one place to another,, travels 
Fin, 81. -The ChanciBof in herds _of about 20,000 head, 
ths Alps and Pyrenees. Hu- carrying along in their ranks 
""'"'°'' whatever they happen to meet. In 

Europe, only one species is to he found, that is the 
Chamois (fig. 81) of the Alps and Pyrenees. 

ao. Elephants. — I. The Elephant (iig. 82) is 
tho largest of all land animals, it sometimes attains the 
weight of 14,000 pounds, and stands above 9 feel 




le largest 




VEIITEBIIATES. — I. MAMMALIA. 37 

Bi^h. Evcrjlhing is rcinarkahle in this strange sini- 
"lal; the prnlongalion of the anout, which forms the 
lag flexible li-rmk* it so cleverly uses; the two enor- 
mous teeth called liislcs, thai adorn ils upper jaw, and 
which provide usi'fiii and heautiful ivory; their great 

Slelilgence and their easy taming; the great services 
ey can render in carryin^t burdens at the chase or in 
war, etc. 

Two species of this powerful auxiliary are known ; 
one is a native of India and Ceylon, and is at the pre- 
sent day th(! only domesticated one. The other, with its 
large ear llapfi and its prominent forehead, lives in 
Africa. The negroes make no use of it; although it 
Wfis in ancient times much employed by the Greeks 
and Romans, and there is no reason why as inm-h sho;dd 
not be done in our day. 

21. Pig». — 1. There are other 
mammals besides those which we have 
mentioned, chief among which is the 
Piy. This creature is i>ut a domes- 
liCHled form of Wild Boar (Kg. 83). 

2. Passing over the several species 
oF wild boars that are found in Asia, 
Africa, and even in America, the most 
interesting of those remaining is the 
Hippopotamus. 

The Hippopotamus [fig. 85) is very massive and 
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ilmoBt coi^H 



^y^o much so indeed that on land it is 
10 walk, Id the waler, however, where it almost 
fitantly lives, it becomes q;,uite agile. It has an unormous 
mouth set with ]?i-eat massivu luelh, which yiuld a pre- 
cious fovl of ivory, The hippojiolamiis is to !>fl found 






Atrici}. Pact||]rilr 



Pact|i]rilnrniau 



j of Africa, These pig-like 
thicK lea- 



in almost all the large r 

animals, like the Rf»iu)cero>! (fig. 84), have, a thicK 
ihery skin, for which reason ihey were once grouped to- 
gether and called Pachydermata. 

This however is an error, for Ihe Rliinoceros, strange 
as it may appear to you. is now known to belong to the 
aamR category aa the horse. 

S2. IHnPsupialia. — 1. In the greatAiistralian island 
there exist, exceptiDg the dog and some of the bat Iribe, 
no inamraalia having miicn resemblance to those of 
the other parts of the world. The mammalia ' found 
in Anstrafja have guile peculiar characteristics. 




2. As in most cases the young of those animals, 
when newly born, take refuge in a sort of pouch (in 
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I, morsupiurri) silualed under the molhor's abdomen, 
ihe name otmarsuptalia has been given to the group. 

Amongst Marsupialia there are (lesh eaters, insect 
eaters, and also gracing animals. 

The best known of these last is the K'unp'oroo (fig. 86), 
a BttitDge creature, that with the help of its tail and 
enormous hind legs, is able to proceed by prodigious 
bounds, when pursued or otherwise pressed. The 
largest species of this animal attains the height of 
6 feel, and even more. 

Another strange Australian mammal is the Omitho- 
rhynchus [Bg. 87), whose jaws are enveloped as it were 
or transformed into a flattened bill like that of a duck ; 
like the duck, it is also webfooted. 

One only of the Marsupialia group is to be found out 
of Australia : it is the Opossum (fig. 88), a native of 
America ; this little creature lives on Ilesh. 

83. Sealia. — All the animals that have until now- 
occupied our attention live on land. 1, True, the Otter 
seeks its prey under water : there also the hippopotamus 
passes a great part of its life; but although fond of 
bathing and river life, they come ashore, and walk and 
run on the dry land. 

2. This is not the case with Smls (fig. 89) : their 
feel, flattened out and fashioned like fins, enable them 




only to drag their bodies heavily along the ground. 
Almost the whole of their life is spent in the sea, and 
they swim and dive with marvellous agility. They live 
exclusively on fish. 



L Amongst Iht moinnialio olreadv J dry land, — 1. Nitni? su 
■ladiad B)ineltti>, Ihil nUliDgJy etay That piss imurl; dIJ 1 
in ■•l»r illliDugb they eome un I wiler. 
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Some few seals are to be met with on our coasts, 
but in small groups only: their real home is on the icy 
shores of the northern seas of both hemispheres", where 
they are wantonly and foolishly massacrea. In 1870 the 
Scotch fishermen captured and killed 90,000 of these 
animals. The fat or oil of seals is used for industrial 
purposes, and their skin gives a beautiful fur. Some 
seals attain the length of 30 feet. 

(, In the northern seas, there live, in herds also, ani- 
mals akin to the seal; the.se are walruses or sea-horses 
(fig. 90), specially remarkable for the enormous tusks 
that adorn their upper jaw. They are very dangerous 
animals, sometimes more than 20 feet long, and when 
attacked in their native element they rush upon the boat, 
often upsetting it. 

S4. Cetacea. — Getacea are mammalia that never 
come on Shore, for they cannot live out of water; if , they 
happen to he cast by some tempest upon the sea shore, 
they perish very rapidly. They are divided into two 
groups(fig. 91) Whales and Porjioises, 




Many people have the idea that whales are fishes. 
Were any one to say so to you, Paul, what would you, 
answer? 2. I would answer, Ihat fishes have scales, 
while whales have none. Well, and what else? Ahl 
I don't know if whales have warm or cold blood. — 
3. They have warm blood. A, Then whales cannot be 



<r does i( brealhe? 
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Certainly no[; besides they give mills to their 
young, and are Tnoreover obHgeii to come to the sur- 
ftice to breathe; for they would dio by drowning were 
they to remiiin under water for more than half an hour, 
You see a whale is not octy an aerial animal, hut also 
a mammalia. 

But the Cetacea are slranj;*^ members of the mam- 
malian family, i. They ha^u the outward formofafish, 
tile tail has become a Jin, only it is placed horixoutally * 
instead of being vertical", like thai of a fish, 2. Their 
fore hmhs are fashioned like ■ 
fins, whilst the hind ones are totally 
wanting. 

3. Amongst celaeeans some ha 
teeth, aud devour prodigious n 
bers of fishes. Porpoises and i)oi- 1^'p!""' '■'"' "" ""''■ 
phins (fig. 92) are of this category. 
Many of these animals are to he seen playing andtroU- 
JDgin the sea around our coasts. 

A large cetacean, the Cachalot or Spermaceti whale 
(fig. 93), has teeth in the under jaw. It is sometimes 
75 feetlonti:, and :>; vrry dangerous. 
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4. tt^liales. properly so called, have no te-eth ; only 
the roof of their mouth is set instead with several rows 
of IciDg, Hal, and flexible horny growths called fans, which 
are utilised underthename of iphalei/one. These enor- 
moiis animals have been known to attain the great lengtii 
flf 107 feet, and to weigh 500000 pounds, which is about 
equivalent to that of 40 elephants. 
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..: : • ,. : ^.-i. v;- t.] iii^ xiridtlet* ztot eat 
> : •- ..:."..-• .- I- ^i'i »r ":i»*ai.* Well, it is 

■ i:u"-^v ij ill:. -IT chem to 
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■.i— . ■ « . 
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1 • ' -' z" • i.-^ .:ii.* _:i»^ ntL.' *k:r: and pro- 
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L "■•..- ■' «; ■ -.'■ !■ • '.t. -u- — LJi'iur in*a. zn*^ 'rfkile Enro- 

.■!T- -_-».•- 1- :-. ".■ i-:*'i:Li>. uii lif* rrd »kint 

X M<iiakr7* :. — • -v .1 •*:•-: uif oif Xzaksfi, aiv three 

- ' ■■ i ■ -L •.- L-.L- •■: .- ..-;•.. "-L«* .%i."j:az. O-jrilla and 

€ " ■. ••-:- '>• — t* "v-. L* '.I'r "KLiiL.. _.Tr- 1=: «um climates. 

7. Bat« : 1: — Siu l-t :■ •: ;■:::•. :-i: z:,t:L3:»Iia. They are 

'.- ■ --. :' i:.-> 1--' i,Li- *-r:c *.l^ ^zri'.'riHh : their wines 

:■- . ■- . /ill- 1:1 :: ZL'^:i^'rLZir »:i:ii i^ a pivilonsation 

: - . ... : 1 .-• :.•: ^. 11: ■»! -i >*ar«A?*J tnai up^m elon- 

8 . i:. 1 . :. i» - * - : - !• 1: -i^ • — -^A* th*y Ay abroad in 
-■■■.; :. :*.;.--■-. -i ■*»L.- 1 ".i-r; f^ri. TLrrcfL«rr the^ arensefulto 
r;. -A..;, i-^ .i'l: : :•- ::■.•■-.".■-:. 

9. lBi»r«tiToroH% auiHiauilA : . ^V . — Other insectiTorou 
:;::■::..- ::.'.'. :.-.-■■ .. -..-.?. :•-■; :. izi^-^A^: they are all small. 
A r.' frTi J ::.'■ :i . •* - :. . •. ■ 1 . - :. : . :. : 1 - 7/ ' i- '■ '. •.\;. « hi 'Se >ki n i < covered 
with p:: kl--. — :l- -:.j:L' rj--r-i Fi'.J vi ■;.•*■!«'. — the Mole, which 
» » ;i J 1 ' ."A i <■ rj • '7 :ii .-.•:.. :: j ! - r*- :>i whit' w • •nii>. and b\ no means eats 
th<- ro'^t- ofjii-j.'it- a* j.^:-..j»ie ff-rirrali} imagine. 

10. CarnivoroHib auiHiMals [p. 25^ — The CamiTOroiU 
(I>iliii : t' fir II it. flt-h ii^'- upon flt-sh. 

11. Th<'ir pa\^s ar> v^t) -tionir. and armed with sharp and powerful 
riaiU a\\\ft\ riaus: thHr mouth is ^Ht^ith lon^. strong, and sharp teeth. 

12. Thf' h('^t tvfx; of thf'«'' animaN is the Gat species (p. 26). The 
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i'iger (the fiercest of wild beasts), the Liorij the Panther, the 
Jaguar, all three less dangerous to mankind than the Tiger, are in 
reality but very big and powerful Cats. 

13. Next to the cats, we find Dogs, in which species are ranged : 
the Wolf, dangerous in Asia and in Russia ; the Fox and the Jackal, 
great ravagers of poultry yards. 

14. The Hyenas (p. 28), are fonder of dead bodies than of live flesh. 

15. The Brown Bear (p. 28), in the Alps and Pyrenees, prefers 
fruit and honey to the flesh of man or that of his flocks and herds. 
On the contrary, the White Bear of the icy regions, and the Grizzly 
Bear of North America prefer mankind to any other prey. 

16. Edentata (p. 30). — The Edentata, that possess few if any 
teeth, are unknown in European countries. The most interesting 
member of the group is the Great Ant Eatery whose long worm- 
shaped tongue proves fatal to all ants that venture upon it on ac~ 
count of the slimy substance it secretes. 

17. Herbivoroas mammals (p. 32). — The Herbivora feed 
upon grasses. 

18. The first in order among those are the gnawing animals, 
such as Rabbits, Squirrels, Bormice, Rats, Mice, Beavers, Marmots. 

19. The Horse tribe (p. 32) which includes the Ass, have flat back 
teeth; on each foot, but one finger or toe exists, which is completely 
enveloped by a terminal nail. This nail forms the hoof. 

20. Ramlnantia (p. 33) so called because they ruminate or 
chew their cud, which action consists in chewing food which has 
been previously swallowed. 

21. The teeth of ruminants are flattened like those of the horse tribe; 
their stomach is composed of several pouches; each foot has two toes^ 
terminated each by a hoof, and they are hence called cloven footed. 

22. The Ruminants include : the one humped Camel or African 
Dromedary, and the two humped Asiatic Camel, which afford in 
their native countries the services horses render in ours; the Lama 
of South America, domesticated by the Indians ; the Giraffe of 
Africa, that stands 18 feet high ; the Deer, Roe-deer, Fallow Deer, 
Elk and Rein-deer, which are used as beasts of burden in the Polar 
regions. All these have solid horns that fall off and are renewed 
every year; oxen, bisons, that are to be found in herds in the prai- 
ries of North America; Sheep and Goats; — Antelopes; — the 
Chamois of the Alps and Pyrenees, all having hollow horns that last 
all their life long. 

23. Elephants (p. 36). — The Elephants are the largest of all 
terrestrial animals. They render great services in carrying heavy 
burdens. In Africa a wild species is to be found, whilst the Asiatic 
species has been domesticated. 

24. Pi|(s. — Among the Pig kind we have the Wild Boar and the 
Hippopotamus. The Rhinoceros was formerly classed with them on 
account of the thickness of its skin, but this is no longer the case, 
as that animal is now known to be related to the horse. 
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25. Marsuplalla (p. 38). — The Marsupialia^ excepting 
one species, are Australian animals. They have a pouch (marsu- 
pium) under their abdomen, in which they carry their young. The 
best known amongst them is the Kangaroo, The Opossum alone 
is a native of America. 

26. lieals (p. 39). — The Seals spend the greater part of their 
life in the water. They live in herds on the shores of the northern 
seas, where they are massacred in countless numbers in order to 
obtain their oil and their skin. The Morse, with its long tusks, is 
ranked alongside with the seal. 

27. Cetaceans (p. 40). — The Getacea or whale tribe com- 
prises Dolphins, Spermaceti whales and IV/iaies properly so called. 

28. Whales are not fishes. They have no scales (whilst fishes 
have); they have warm blood (fishes, cold blood), they give milk to 
their young, and would be drowned were they to remain longer than 
half an hour under water : they are m,ammalia^ and air breathing 
animals. 

29. Whales have, hanging down from the roof of the mouth, 
several rows of that material used in commerce under the name of 
whalebone, each row consisting of several hundreds of fringes. 
Their throats are extremely narrow. The other Cetaceans have teeth. 
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25. Birds, as we have already said, are easily recog- 
nised, for they all possess a beak, feathers, two wings 
and two feet. 

The beak, as you can easily see upon this fowl's head 
I have prepared for the lesson, is merely a sort of horny 
sheath that covers over or envelops the two jaws. 

The feathers when in a state of full development have 
a tube by which they are implanted in the skin ; this 
tube is continued by a full stalk, bearing on either side 
a row of vanes ; those in their turn bear smaller vanes, 
and those sometimes, as is the case with goose feather, 
bear smaller ones still. All these vanes adhere together, 
and are woven into one another. All feathers how- 
ever are not so complete as these. 
, The wings are generally strong enough to allow the 
bird to fly. Some, however, like tnose of the ostrich, are 
too short to allow their owner to rise off the grounds 
Some birds use their wings as fins, and swim with their 
aid under water. 
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All birds lay eggs, and most of them construcl nesls. 
— 1. The egg la principally composed of s. slujiy 
sliell, a while part and a ydlow part or yolk. See, here 
are two hen's eggs. The one raw, the other cooked hard. 
I have broken the shell of the raw one, and its contents 
have run out all over the plate. Do you see la tht'. 
yolk that little white speck. 2. It is the germ, and 
would have become a little chicken had we left it loni; 
enough to l)e hatched under the mother hen. I shall 
now take the shell oil the hard builc-d egg, and carefully 
cut it in tno, so tliat you may see the position of the 
yolk and ihe white. 

3. WJien an egg is kept in a warm place, during a 
certain length of lime, the little white germ becomes a 
tiny bird that grows in its prison, and as it grows gra- 
dually absorbs the white and the yolk until it becomes 
big enough to fill the shell, which it then trcaks with 
its beak. 4. Thence it comea out in some cases blind 
and almost motionless, like tlio young pigeon (fig. 9^), 
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in others lively and nimble, knowing how to forage out 
food for itself and able to run about, like the cEicken 
(fig. 95), or even to swim, like the duck. 

5> In the natural course of things, it is the mother 
bird thai fomishes the heat necessary for hatching the 
egga; she It is that sits upon them, and that builds the 
OBBt where eggs and young will be sheltered and 
kept warm. The shapes and sizes of those nests vary, 
according to the species of the builder. 6. But you 
know that eggs can be hatched by artificial heat" in 
boxes made for the purpose (fig. 96). 

7. And this is not all I nave to tell you about our 
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feathered friends. Some of ihem undertake long j< 
neys, very TBgularty, every yisar : they misrate as we say* 
Thus, Hwallowa come lo our country m the summe 
time to lay their eggs and brinjf up their young; whei 
winter draws nasi 
and iusectR becom 
scarce, they fly o: 
again, and return t 
the warmer climal 
ofAfrit-a. -Sodolh 
Quails, the Nighi 
■ inqales and m«i 

i others. Someontli 

contrary visit 

bj ihe boat of 1 siotf . ler, when severe col' 

drives them from th 
far north : the i\ild dm^lts, wild geese, and swans a: 
of this class. 

We will now rapidly glance at the principal grou] 
of birds. 

26. Birds of Prey. — Some birds live exclusively 
upon the live pesli nf other birds, of r[uadriipeda', or crt 
reptiles*. 1. They are fo( 





and for such a 



iiriai piercing claws called loZoB 

EiiSL''"' {fi^. 98), and long point* 

wings. They fly so swiftl; 

mgth of time that a falcon once lost '-^^ 

the forest of Fontaiaebleau, in the centre of France, \ 

found the following day at Malta. 

3. Some birds of prey 'hunt for (heir food in the day 
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tiftre, and are for that reason called diurnal; others hunt 
after night fall, and are called nocturnal. 

1. Amongst diurnal birds of prey, we find Vultures 
(fig. 99), that feed on the flesh of dead animals. Some 
very large species of these birds exist in Europe, In 
warm countries they render real service in clearing away 
■Head hodies that would otherwise infect the ail'. Thi- 




Condor of South America (fig. 100), is the larjjest bird 
thai flies : it sometimes measures from one tip of its 
ra to the other 12 feet ; the Vulture 
[fig. 101) is almost as large. Eagles 
■ stronger wings and talons than vul- 
tuiei; they are also bolder, and feed 
on live prey. Falcons (fig. 103] are 
stronger still, proportionately to their 
'. In former 
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Unies they used to be trained to hunt in our country, 
and are so still in Algeria and in the East. The 
Havjk (fig. 104), the Buzzard (fig. 105), the Sparrow 
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liawk (fig. 1061, and ihe Kite (fip. 107), are much 
stroQfc 




1. Nocturnal birds of prey have r soft downy plw' 
iiB.ge which allows their flight to ho quits noiEolees S 




ig. ms. — Cumniou Fig, 100. — Tlic Born Owl. Fig. 1 1". — Great Km 
Owl. o«i. 

the openings of their ears arc vury wide, and iheir bij 
round eyes arc directed towards the front. They all co " 
under the general name of Ouil [fig. H 
Some have lufts of feathers AB, t 
stand erect on either side of the head, I 
are called /lorns; others, such as the bani 
owl, have CO such ornament [fig. lOBU 
A. good many species of these birds liTT 
in our country, from the GtbuI EagteOt^ 
{fig. 110) almost as big as a turkey looiri 
Fig. (11. - SmM iig. 111} ahout the size of a blackbirdj 
'"abia'kbi'rd.^"'"" 2. They make not a lilUe hayoc a _ ^ 
rats, mice, and other destructive animal 
of small size ; this should induce people to proleq 




Why 
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Hitta insiead of nailing them up on bam' doore, as ia 
the stupid custom in some places. 

tt7. Pai-Puts. — Parrots [&g. 1121 are charac- 
lerised by their short clumsy beak, their fleshy tongue, 
which ftllows them to articulate words, ^ _ 
and their toes turned two forwards 
and two backwards, allowinft them to 
climb with ease. Their remarkable in- 
telligeoce haR justly enough entitled 
them to be called the feathered mon- 
keys. Like monkeys, they are natives 
of warm coualries, and their noisy 
and gaudy biinds people the intertro- 
pical" forests of the old and the new- 
world. 

28. Pig««ns. — Pigeons in their 
natural slate are neither of great variety 
nor of a great number of species. In 
this country we have the Turtle dove 
ifig. 1131, and Pigeons, which last 
have been domesticated. 

20. GallinaeeanH. — The name ""' 

ofGallinacean (from the Latin gallina, the hen) has been 
given to the birds of this group on account of their greater 
OP less resemblance to the Hen, which has been taken as a 
Tbey are grain-eating birds. Our hens are sup- 
i to have originally come from India. Pheasants 





and in tHe Norlh, on the movin tains, (lie Heath- 
;. 119), ihe Pi omiigdn, elo. 
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Fig. tlT. -T"rU). Fitf-IU--Qu»il. Fip- ilSI. 

30. Wading-birdH. — The Wading-birds aw 










called on account of their long naked lees. Most G 
ihem live jn marshy places, and wade throngh mai 
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Slid water ; they are moslly provided wifh long necka 
and beaks, so formed as lo enable ihem lo calcli, notwith- 
standing their long legs, ihe small animala cm which 
they feed. Those best known in our country are the 
Stor-ftlfig. 120),the//eroji(fig. 121),tlie Crane {bft;. 132), 
the Lapwing (fie. 133), the Uirletv /fig. 124), theSmpe 
(fig. 125), the Water hen (fig. 126), the Bustard iSft. 
137), etc. 

51. Ostplches. — Ostrichena 
wings, although loo short for llighl 
with great rapidity. 

The Ostrich i« a nalive of Mr'icn, 



, help thoiB t 



I two toes 




(fig. 128). It attains the height of more 
REea, an American ostrich (fig. 129), i 
and has three toes. The Cassowary 
of Australia' and Borneo* (fig. 130)* 
is larger, but of a clumsier make than 
the Bnea. 

Qreat in size though these birds arp. 
they seem quite small beside some of 
their species, near neighbours lo the 
Cassowary, which the natives of Mada- 
gascar* and New Zealand (fig. 131j' 
nave exterminated. They are nowJicre 
to be found at the present day, and all 
that remains to leil what Uiey were, 
are a few of their hones and some of 
their eggs. But what eggg they are ! 
One single egg, is about equal to six 
ostrich eggs, or to come nearer home, 
to a hundred and fifty hen's eggs. 

5S. Palmipeds. — Webfoot^ birdi 




TW^^iiWife, 
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aa their name indieatca, palmale<l or webbed feS 
(iig. 132), that is to say, their toes are united to onid 
another hy a skin or wen. This allows ihem to awii^B 
easily. Look at this iliick's fool: wheal 
the bird draws it Corwai'd, it folds it uj^ 
nicely ao as lo pass through the water witn^ 
out iormine the slightest obstacle; wbraS 
pushed backwards, it spreads itself out oii9 
(he contrary, ofTers a resistance, and thra 
bird IB therebv propelled forward. ■ 

Ducks (fig.'l33), Gpese (fig. 1341, aiiM 
Swane-i&f;. 135) are Palmiiieds thatswiitfp 
, flv very well, but walk very badl^. Thefl 
have a broad bill provided with a sort of tiny blaJq 
iswer the puipose of rudimentary teeth. " 
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(fuHs (fig. 136), that live almost always on the seasborflS 
f »nd the enormousj4/6o(j-ossof the South seas (fig. 137)a 
[have pointed biUs ; they also are excellent fliers, Tbfl| 




^'Pelican (fig. 138) and the Coniioranl (fig. 139), hra 
even more completely webfooled than the foregoing, M 
the web envelops oot only ihe three foretoes. but I " 
ihB first or great toe also. 

Upon [he shores of the Northern sens the Pnigvim 
%g. 140) are to be seen in myriads; and in the f ' * 
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Una the Awks (fig. Ul), are quite as 
tier species can fly. This is not he 



,*eak to cari7 ilipm, 



hecause their 




ostrich, they are, on the contrary, very strong; but they 
hsTO no real feathers upon them ,^ and the bird only uses 
them as lins, and swims with them under water. 

55. PaMHerines. — Or Sparroios. This name is 
given to a great number of genera of birds that are 
neither birds of prey oorpalmipeds, etc. The Passerines 
in fact include most of the small birds in existence. 

Some members of this tribe liave two toes in the 
front, two others turned backwards, which enable them 
to climb admirably along the trunks of trees : such is the 
Woorfpec/£erifiK,142),very unjustly accused of damaging 
the trees of our forests, whilst in reality he merely sear- 

H out tho holes that (lie insects have already madu. 





rome others have a hooked buak like birds of prey, 
such is tho Shrike. Others have a delicate beak, some- 
limes pretty long, by which they manage very cleverly 
(0 catcQ insects : such are the Blackbirds, }Va/rbl<^s 
and Nightingales of our country; also the Huimnimj 
birds of America, so brilliant and so tiny llvaJt ^ii\i^ 
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smallest is not bigger than a drone, etc., etc. Others 
have a widely-opening beak, well adapted for hunting 

fnats; this is the case with the Swallows. Others again 
ave a strong, short, thick beak, with which they eat grains 
of all sorts : these are the Lark^ the House Spa/rrow, 
the Chaffinch, the Titmouse, the Bull-finch, etc. 
Others can use their powerful beaks like a sort of pick 
axe, with which they turn up the earth and^ear to pieces 
dead bodies, such are ike^ Magpies, Jays, etc., Crows 
(fig. 143). In this country we have about two hundred 
species of this very interesting group. Few, even among 
sportsmen, are aware that we possess such a variety. 



SUMMARY. — Birds. 

1. Generalities (p. 44). — Birds have a horny beak, feathers, 
two feet, two wings; they lay eggs, 

2. Eggs are enclosed in an earthy shell, and consist of a white 
part and a yolk. — In the yolk floats a tiny white speck called the 
germ, which will become the chicken when the egg is hatched. 

3. In the natural course of things, it is the hen that affords the 
heat necessary for the hatching of the egg ; but eggs can be artlQ- 
cally hatched in boxes made for the purpose. 

4. Birds of prey (p. 46). — Birds of prey have a sharp 
hooked beak, toes provided with long sharp nails, called claws or 
talons^ long and pointed wings. They fly with great rapidity. 

5. Some hunt during the day time, and are called diurnal; 
others pursue their prey after night fall, and are called noctur- 
nal birds. 

6. Amongst diurnal birds we find Vultures, that feed on dead 
animals. Eagles, that feed on live prey; Falcons, that were for- 
merly trained for the chase. 

7. Amongst the nocturnal birds of prey are Owls. 

8. Owls of all descriptions destroy rats and mice : they ought 
therefore to be preserved. 

9. Parrots (p. 49). — Parrots are to be found only in warm 
climates. 

10. Pigeons (p. 49). — Pigeons, natives of our country : are 
Wood pigeon, the Turtle dove, and the Rock dove, 

11. Gallinaeeans (p. 49). — The Gallinaceans (gallina, hen). 
Under this head are generally grouped birds that more or less re- 
semble the Hen : Pheasants, Peacocks, or Guinea fowls, Turkeys, 
Partridges 

12. l¥adln|[^ birds (p. 50). — Most wading birds are perched 
upon long slender legs. Those best known are Storks, Herons, 
Cranes, Snipe, 
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t (p. 5!). — Ostrichei are large birds. The 
B|>ecics fuund in Africa sainctim<>a stands 7 or moro feet high. Their 
wings are loo sLort lo bs usud io llisli', l"'l Ihcj lun very swiftly. 

14. Pnlmlpeda (p. bl;. — FalmipedB, or webfaoled birds, 
have, as Ihoir name indicates, palm" I«l ur ^i)tl<bfd f«ei; that is (o 
say, have their toes enYeloped or uniM by a Ulin or well. This 
nllowa the birds of lhi» tribe lo swim wilh gri'at ease. Ducks, 
0«te, and Swam are Palmipeds. 

15. SpMProwB Ip. b3). — Under this iiauie is includod a great 
variety of species; BlackbiTda, Warbt(!i-»,Nigklingalo,Sv>attowa, 
t.'trkg, Finches, Crows, etc. 
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A. In their shape and outward appuaiance Reptiles 
differ very rnnsiderably from one another. There are 
Tortoises, that have a hornj" Leak lite a bird, four feet 
and a carapace, in which their body isenninsed; tisarrfs, 
that have teeth and Umbs, but no carapace ; Serpents, that 
have neither carapace' nor limbs. AH reptiles lay egga 
somewlial similar lo ihose of birds, only the shell in- 
stead of being earthy is horny. 

5S. Tortoises. — Some Tortoises live on land; 
others are lo be found in marshea and in freah water; 
othersftffain,ca]lerlTi(r(fe, iivein thesea(fig. 144). They 




nrti encased in a flat carapace that otTers hut little re- 
sistance to the water through wliiuh the animal moves, 
|ffDpelled by its long, flattened, paddle-like limLs. 
Upon some parts of the American coasts countless mul- 
tiiadfiR of these turtles resort to deposit their eggs: 
there they are captured for llieir flesh, lo make soup, and 
for Iheir shells, which furnish ihe precious tortoii^e shell. 



The land Tortoises have short liraba and more con- 
vex carapaces, which last are so strong and resisting 
that a man ma^ stasd upon the back of a tortoise 4 
inches long, without harming it. In Africa some are 
I'ound 3 feet long. 

Freshwater Torloises are, in shape, intermediate 
between the Turtle and ihe land Tortoise. 

56. Lizards. — 1. The largest of this group ia the 
Crocodile (fig. i45), powerful enough to be very for- 




midable even to mankind. The large rivers of Africa, 
Asia and America swarm with them, and some attain 
the length of above 24 feet. 

Amongst the many species of the lizard tribe the 
most curious is the Chameleon (fifr. 146^. This strange 







creature is very common in Syria, and on the southern 
coasts of the Mediterranean. It owes its world-wide 
celebrity to its faculty. of rapidly changing colour ac- 
cording to circumstances. Anger or calm, sun or 
shade nave influence upon it, and cause it to become 

freen, yellow, black, etc. In this country only two 
inds of lizards are found (lig. 147). 



VEIiTEbMATEy. — 3, REPTILES. 

'4. Lizards present a strange pfaenomenon : tht-ir tail, 
lirittle and paaily broken, lives lor a considerable lenglh 
of time after being separated from ita bearer'abody ; and 
more than tliat, the lost tail is in a relatively short lime 
replaced by another similar to tlie amputated one. 
Tnis is certainly most convenient, and a great pity it is 
tbat mankind cannot renew brokun limbs after the same 
fashion. 

The Slow Worm, or Blind Worm, although alto- 

f ether deprived of limbs, is also a lizard. Itis so very 
rittle thai one can si^arce touch it without brenking its 
tail. 

37. SerpeatH. — 2. There aj-e some serpents 
whose bile, accompanied by the emission* of a liquid 
poison called venom, occasions accidents, olten dan- 

feroua and may be morlal' ; thoy have been therefore 
eservedly called venomous Serpents. 
Others do not bite, but coil themselves tightly around 
their prey: such are dangerous only when of very 
■' ''' The Ro'i of South America (fig- US), 



^ 




(he Python of .Africa, and some other apecies, are of this 
class ; some have been known to attain 36 feet in 
length. 3. These enormous reptiles, by the mere pros- 
sure of iheir tightened folds can kill an ox with (he 
fealesi ease, and man is but small game to them. 
Oar Rini/ snakes (iig. 149) are much smaller and quite 
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Fig. 151. — Head of a viper. 



inoffensive. The Snakes of our European regions are 

all of small dimensions : the longest rarely attaining 

6 feet in length. 
1. In Europe happily but one venomous serpent 

exists, the Viper (fig. 150), and it is one of the least 

dangerous. 2. The venom is a 
liquid that accumulates in a 
small pouch (A, fig. 151) situate 
at the root of a long and very 
sharp tooth B, through, 3. which 
runs a sinuous canal. 4 When 
the animal bites, the tooth 

A, pouch where the venom accu- ^„^--.^-. «„ +i,/v -^rv^-^U A « A-^^^ 

muiates. presses on tne poucn A, a drop 

B, tooth very pointed and pierced of the venom enters the canal and 

?h^e\Sn3owJ.'"^^ "^''^ penetrates with the tooth into the 

wound. The extraction of this 
tooth (there is one on each side) renders the bite per- 
fectly Harmless ; and this is how jugglers allow them- 
selves to be bitten by deadly serpents to the great 
amazement of the spectators. 

5. Viper's venom gives fever, causes great swelling 
and sometimes mortification, frequently even death 
ensues. 

6. But this venom is weak compared to that of the 
Homed Adder of the African deserts, the Fer de lance, 
of Martinique*, the Rattle Snake of America, the Co- 
bra of India. The bite of all those species is almost 
always rapidly fatal to man. 

7. In the course of the year 1875, the Cobra caused 
the death of 26,000 persons in British India. The 
vfhole country swarms with them. This reptile has 
no warning rattle, like that of the rattle snake, but can 
stealthily lall upon the unwary passer-by. 



1. Mention a venomous serpent of 
our country. — 2. Where does the 
venom accumulate ? — 3. What 
peculiarity is there about the pointed 
tooth of a serpent? — 4. By what 



means do they use the venom? — 
5. What efTect is produced by the 
venom of the viper? — 8, 7. Are 
there any serpents still more dan- 
gerous than vipers ? 
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SUMMARY. — Reptiles. 

1. Reptiles difTer greatly in shape from one another. The group 
comprises Tortoises, Lizards, and Serpents. 

2. Tortoises (p. 55). — Tortoises and Turtles have a horny 
beak, similar to that of birds, four feet, and a carapace, in which 
they are, as it were, enclosed. 

3. Some of these animals live on the land, some in marshy 
places and freshwater, others in the sea. These last sometimes 
attain the length of 6 feet. 

4. lilzards (p. 56). — The largest of the Lizard family are the 
Crocodiles, which sometimes attain the length of 24 feet. These 
animals are dangerous to mankind. 

5. The C/iamefeon of Algeria can change its colour according to 
circumstances, if it be angry or calm, in full sunlight or in the 
shade. 

6. Common Lizards have very brittle tails, easily separated from 
the body; only these appendices grow again, and regain their 
primitive dimensions. 

7. Serpents (p. 57). — ^ome Serpents are venomous, others are 
not so. 

8. Amongst serpents that have no venom we find the Boa of 
South America and the Python of Africa. Those species sometimes 
attain the great length of 36 feet; they are able to kill even large 
animals by coiling themselves around their victims, anpl thus suffo- 
cating them. 

9. The Snakes of our country are quite harmless. 

10. It is not so with the Viper ^ whose venom causes fever, great 
swelling, sometimes mortification, sometimes even death. 

This venom is contained in a sort of pouch or gland situated 
at the root of a long, sharp, hollow tooth. When the animal bites, 
the tooth presses on the pouch, a drop of venom enters the canal 
that runs through the tooth, and penetrates with the tooth into the 
wound. 



VERTEBRATES. — 4 Amphibians. 

58. Metamorphoses of Amphibians. — 1. 

We have already seen that the animals belonging to 
this group are aquatic* when young, and aerial* when 
full grown. 2. Between these two stages of life they 
undergo remarkable changes in their outward con- 



1. What does the word Amphibian mean? — 2. What phenomeDa do 
these animals present? 
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figuration, as well as in their mode of life : these changes 
are called rnetamarphoses. 

The moat complete examples of metamorphoses are 
presented by Toads (fig. 152), the common Frogs, and 
the Green or Tree Frogs. 

1. You have all certainly seen frog's eggs (fig. 153, A), 
and you know that they have no hard shell, but are soft 







— Transformation of a froii'i i 
: egg- — 13, C. D. ladpolea. 
le beconif frog, — F. hag. 



and coated in a slimy envelope. 2. After a certain lime 
the egg gives birth to a little black creature B, that in 
the space of a few days becomes excessively brisk and 
lively. 3. It grows rapidly, and displays a long fish- 
like tail, with a body and head all in one big ball C, 
D, E. 4. It has no limbs whatever; shortly, no we ver. 




legs and feet make their appearance, the hind ones first. 
5. As the legs grow, the tail graduallv diminishes, until 
at last the animal is in possession of four full-sized legs, 
and has entirely lost both its tail and its gills,. the place 
of these latter being taken by lungs. The Tadpole has 
become a Frog, or a Toad, E, F. 6. Originally aquatic, 
it has become atrial : the grass eater or herbivorous' 
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creature has become a flesh-eating or caymivorous * ani- 
mal. This is strange indeed, and certainly very inte- 
resting. 

Other amphibians undergo less complete metamor- 
phoses. The continental Salamander (tig. 155) for 
instance, and the Triton (fig. 154) that we call Water- 
Newt, retain their tail all their life. Some tropical Am- 
phibians are snake-like, and have no limbs. 

59. Useftilness of Toads. Their venom. — 
1. The toads do harm only to insects, worms, and snails, 
of which they devour great numbers. In our country 
the poor Toaas are often cruelly and stupidly destroyed. 
It will undoubtedly not a little astonish you to hear 
that great numbers of these useful but disregarded 
creatures are sent from Europe to Australia*, to help 
to keep the gardens free from noxious and destructive 
guests, such as snails, insects, etc. 

But if I advise you to spare the toad, I would also bid 
you avoid touching it. Look at this one (fig. 152) I 
caught for our lesson, and which I touch only with a pair 
of tongs. This way of handling it is evid.ently not at 
all to its taste, and nas set it in wrath. 2. You can see 
all over its back, and especially about its neck, a great 
many little drops of liquid oozing out of its skin. 3. 
That is venom, and is m,ost pernicious. If a drop of 
that milky like substance were to be put under the skin 
of a fowl, it would be sufficient to kill it : you see it is 
not to be played with. 

4. All Amphibians have more or less venom in their 
skin. If you happened to rub your eyes after handling 
a frog, you would not fail to feel them smart a good deal. 



SUMMARY. — Amphibians. 

' 1. Metamorphoses (p. 59). — Some Amphibians, aquatic 
when young, aerial when full grown, undergo changes in form 
which are called metamorphoses. 
2. When young they are Tadpoles; have a large head, a long 



1. What services do frogs and toads 
render us? — 2. How does the toad 
secrete its yenom ? — 3. What effect 
does this Tenom prodace, when intro- 



duced under the skin of a hen? — 
4. Are toads the only amphibians that 
have venom under their skins? 
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numerous, some 13,000 species being known to exist. 
In the fresh ivater of our country are to be found the 
Carp, Tench, Barbel, Gudgeon, Bream, Roach, Dace, 
etc., also the Pike (fig. 163), Salmon (fig. 164), Trout, 
Perches, Sticklebacks. Eels (tig. 158), etc. 

Sea fish are. much more varied in shape, and also 
more numerous in species. 

1. The Herrings -pBi&s the greater part of their lives 
in the deep parts of^the northern seas. 2. When the 

milting season comes on, 
they gather together in great 
bonds or shoals^ of mil- 





Fig. 163. — Pike. Fresh water lish. 



Fig. 164. — Salmon. — Fresh water 
fish. 



lions and millions, and approach the shores of Great 
Britain and France, followed in the wake by large fishes, 
dolphins, and sea birds that come to prey upon them. 
Man is, however, the great destroyer of the Herring 
tribe. Whole fleets are laden with the spoil. Fortunately 
each female lays an immense number of eggs, about 
50,000, otherwise their race would soon quite disappear 
from under the sun. 

3. The SardinCy an inhabitant of the Mediterranean 
sea and the Atlantic, is a sort of small herring that lives 
in shoals, like its bigger relative we have iust mentioned. 

4. The Cod (iig, 165), is a sea" fish also, and for its 
capture immense fisheries, that employ hundi^ds of 

vessels, have been organised in 
the North seas, especially in 
the waters of Newfoundland *. 

Of the Flat fish, the most fre- 
quently met with on our coasts 
are the Flounder, the Sole 
['^g, lb9),Q.nd the Turbot. Some 

of this group ascend rivers for a pretty considerable 

distance. 




Fi;r. l()j. — r.oil. >eali>li. 



1. Where does the herring pass the 
greater part of its life? — 2- Where 
and under what circumstances do our 



fishermen meet with it? — 3. What 
is the sardine ? — 4. Where have great 
cod-fisheries been established? 




VEll'ltliUATES- — j, FISHES. 

Mackerel (fig. 157), visit our coasts in great i 
l>ers during ihe summer; the Tumnj /hh. ^^-hich an 
iag lo John Davy has a tem- 
perature higher than that of 
ihe water in which it lives, is 
sometimes 13 to 18 feet long. 

1. One species of the S/tarA 
kind (fig. 166), has monopo- 
lised all the celebrity of its 
race, by its great size and its 
great ferocity. This dreaded 
sea monstei' sometimes 40 feet P'e- Hn. — shirk sumeiimaa m-a- 
long, swallows almost every MouihlinduTihe C'ld"*"" "'''* 
thing it meets with, destroys 

enormous numbers of iishes. and could snap off a man's 
leg as easily as you could bite through a bit of apple. 
2. For this purpose it is provided 
with a great month situated not at 
tbo end^of its snout as is the case 
Viith other fishes, but under its 
head, and set with several rows of 
formidable triangular * teeth. The 
gills have live sfita, instead of the 
ODO existing in ordinary fishes. 

Suppose you were to flatten out p\g_ loj, — Unj, — Vuuiii 
a Bhara you would have an ani- under the Uiiy, 

m&l Tery like a Skate (fig. I67|. 

The Lamprey (fig. 16S), bears great reserabiance to 
the eel, but it has no side fins. On either side of the 
nei^ it has seven gill slits, and its mouth is a sort of 
circular opening set with sharjt 
tiwth, and which it uses as a 
Rucker, thereby fixing itseli' firmly 
to 130 matter what, stones, etc.. f'B' in< — t-aos^irj. 

There are a great many other 
curious fishes we might pass in review, but ive must leave 
sufficient time for the study of other subjects. 




SUMMARY. — Fishes. 

i. Fishes ([I, m] Bi^absoIuleljuvMaiio. Oul ofwutprlhej id 
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There are flsh that live in the sea, others in fresh water, — Certain 
species migrate from the sea into rivers, and others from rivers to 
the sea. 

2. The form of Oshes is extremely varied. Some, the most nu- 
merous, bear a resemblance to a flattened spindle; others, like the 
Eel^ are not unlike the serpent : some are flattened sideways like 
the sole; others otherwise, like the skate, 

3. All fishes have ^iiis by which they breathe. Almost all have fins. 

4. The most dangerous of fishes is the Shark, which attains at 
times the length of 40 feet. It is provided with a great mouth, 
situated not at the point of the snout, but under the head, which 
mouth is armed with several rows of formidable triangular teeth, 
with which the monster .is able to snap off the thigh of a man with 
the greatest ease. 



II — ANNULATES. 

1 . You all remember the meaning of the word annu- 
late. The bodies of the members of this group seem to be 
composed of a series of rings strung together as it were; 
although those rings are not always very like one another. 

The following are the groups into which Annulates 
have been divided : InsectSy Spiders, Millepedes, Crus- 
taceans, and Worms. 

44. Insects. — 2. First in order we find the In- 
sects that have six feet, like this butterfly. 3. Their 
body is, as you can see, composed of three parts 
(fig. 169), the head A, the thor^ax B, and the abdo- 
men G. 4. The head bears two horns or feelers D, pro- 
perly called antennae, and two large eyes, which seem, 
if you examine them with a magnifying glass*, to be cut 
With facets, like precious stones (ng. 170). 5. The six 
feet are borne by the thorax ; and it is tne thorax also 
that bears the four wings of our butterfly, and the two 
wings of yonder fly (fig. 171). Antennae, limbs, and 
wings, and all similar organs, are called appendages. 



1. What is the deiinition of the 
word annulata, that is given to a 
very important group of insects? — 
2. What characteristic is common 
to the insect group? — 3. Into how 
many parts are the bodies of insects 



divided? — 4. What name is given 
to the two feelers? — What pecu- 
liarity do their eyes possess? — 
5. On what part of the body are the 
six feet and wings placed? 



ANMJUTES, — 1. INSECTS, (i7 

Itone of these being found on the aidomen, we therefore 
aay that it has no appendage. 

Many insects undergo melamorphoaea fjuite as com- 
plicated aa those of Ihe frog. You have atl had occasion 
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ni^ — C. tbdom- nia^niflfld). ra 

*D. — b. inlsnnx. 

lo observe those of the hutterQy (lig. 172] l.VVhen newly 
out of the egg, it is a tiny CaleTpillfvi- A, which growa 
very rapidly and cdsls its akin four times. 2. The fifth 
time its skin becomes thick and hard, the cateqjillar 
fleems to have fallen into a deep sleep, afler havine, in 
some cases, spun a silky bed called a cor.uun, in whicli 




]i, Clirj-iiiis. C. HnllBrily. 

it abuts itself up. 3. In this state it takes the name ot 
Chi-yaalis. A. At the last, the siMh change of skin, the 
clirysalia bursts and ushers into sunlight a winged hul- 
terdy, C, ready to lay its eggs. 5 . This is what is called 
a coinpiete metamorphosis. 

6. Grasshoppers also undergo metamorphoses, for the 
young ones have no wings when bom, but at each cast- 
ing M their akin, the wings gradually grow; and after 



es 
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the sixth change the insect attains its perfect state without 
having passed through the deep sleep of the chrysalis, 
or any such extraordinary change as the butterfly has 
done. 1. This is what is called incomplete or partial 
metamorphosis. 2. Flies (fig. 1 73), beetles, fleas (fig. 1 74), 
and bees (fig. 175), undergo complete metamorphoses 






Fig. 173. —Beetle. 



Fig. 174. — Flea 
(magnifled). 



Fig. 175. — Bee. 



3. Dragon flies, gnats (fig. 176), and bugs (fig. 177), 
undergo but partial ones. 4. The mouth of an insect is 
not at all constructed like ours or that of any verte- 
brate : its jaws or mandibles, instead of moving up- 






Fig. 176. — Gnat 
(magnified). 



Fig. 177. — Bedbug 
(magnified). 



Fig. 178. — Head of beetle 
(magnified) seen from 
underneath. 



wards and downwards, are laterally placed, and move 
from riaht to left. 5. Look at this beetle, see its 
powerful jaws (^fig. 178), which enable it to lay hold of 
and tear to pieces other insects, on which it feeds. 
This cockchafer (fig. 179) that lives on leaves has 
much weaker mandibles. 6. Flies have a short but 
strong proboscis B (fig. 180) well adapted for sucking; 
fleas and bugs have sharp styles G (fig. 181), with which 



1. What name is given to these 
changes? — 2. Name some other 
insects that pass through a complete 
metamorphosis. — 3. Mention some 
other insects whose metamorphoses 



are incomplete. — 4. How do the 
jaws of articulated animals diove ? — 
5. Give two examples. — 6. What 
shape has the fly's jaw? the flea*s? 
the bug's? the butterfly? 
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AeJ pierce the ekin in order to suck the blood of their 
victim; the butterfly has a long coiled up /jto&i'-tis 




[fig. 18S), \yhich it unrolls and plunges into flowers 
in order to obtain the sweet liquids contained in the 
perfumed calyx. 

1. The group of insects is the must iMtn&rous tn 
species of all the animal kingdom; their number 
amoimls to above 150.000. 

There are very ufieful species amongst them : such 
as the &iUc-wovTft, thi> bee. mn cochineal insect, etc.; Lot 




EnUirOr ( mittni' 



'ni.gnX.I). 




there arc aorae very noxious ones also, sui;h as cati'r- 
pillars, PockchafeTK, and many others. 

The most destructive and terrible of all is a so-called 
plant louse, a native of America, tiiat came across to France 
about twenty years ago : il is called the Phylloxera. 2. So 



tiny is it that one can scarcely discern it with the naked 
aye. 1 . /( lives upon the tenuous roots of the vine, which 
it sucks and exhausts so that the much-prized plant 
pines away for three or four years, and finally perishes. 
2. It multiplies with prodigious rapidity, and millions of 
these tiny but lernhle invaders are in a short time 
ready to leay^ the parent colony, and wingless travel 
on underground to look out for a new home. 3. Be- 
sides these, there are also winged [fig. 184) members of 
the family which go forth, borne by the wind to lay 
tbeir eggs at a distance. 4. No wonder^ then, that countless 
legions of phylloxera have already infested the greater 
part of the vineyards in the south of France, and that not- 
withstanding the active warfare directed against them. 

43. Spiders. — After the insects we come to Spiders 
(fig. 185). 5. All of these possess eight leet, as I have 
already told you. The head and 
the thorax are blended into one ev^£ 

body, to which are attached the ^^"^ 

eight feet. Theynever havewings. Fig.ig?.— Scorpion, iheir 

6. The spiders, properly so Sl'a^end^^/'ihe uil 




called, have in their mouth relatively large poison jaws 
(fig. 186), with which they puncture, benumb and 
kin the insects on which they prey. Some species in 
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America are about the aha of my thumb, aud ath able to 
seize and suck to death littte birds. 

J , Most spiders have oa the extremity of the ahdomen 
a sort of spinning apparatus, from which tJiey draw a 
very fine but wonderfully strong thread, and with it 
many species weavt artisli rally complicated webs. 
2. Tnis weh the spider stretches out, then lies in wait 
for the poor heedless insects ihat may happen to rush 
into the snare. As soon as the insect is entangled, the 
spider pounces upon it, benumbs it with a prich of 
its venomous weapon, and fetters the prisoner with a 
winding silken thread. 

In warm countries, under stones in dry places, are 
to be found long bodied creatures someii-hat akin to 
spiders. Their antenna! or feelers are lermiaated by 
Strong pincers : they spin no thread, and their poison 
apparatus is situated at the tip of their tail, instead of 
beingin the mouth, as is the case with spiders. 3. These 
are Scori) tons (fig. 187). Their sling occasions fever to 
mankinil, and death to small animals. 

4. The loathsome disease, known under the name of 
flch, is caused by a very small animal (fig. 188), a 
sort of spider scarcely visible to the naked eye, and 
that furrows under the skin, producing thereby insuf- 
ferable itching. 5. In former times people thought this 
was caused by impurity of blood, and the poor patients 
wore bled and physicked with greater ardour than success. 
6. It has since been ascertained that the only cause of 
thift disease is the existence under the skin of these 
minute insects, Sulphur ointment rubbed on the in- 
fected parts suffices to dispel the distemper. You see, 
even in little things, how useful scieneo is, and how 
important it is to be sufiicionlly 
acquainted with one's enemy. 

46. Millepeds. — The Jlille- 
peda and Centipedes, so called "s "s- -viui'i-j^- 
with exaggeration, have at least twenty pairs of feel 
[fig 189). In their case the head is disriiict from the 
rest of the body. Properly speaking, their body has 
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neither thorax nor abdorneny but simply a series of rings, 
each of which, according to species, bears one or two pairs 
of legs. 

47. Crustaceans. — All the articulata, with 
which I have hitherto entertained you, are aerial and 
live upon land. On the contrary, cray fish (fig. 190), 





Fig. 190. — Cray lisli (Ouslacean). 



Fig. 191. — Crab (Crustacean). 



lobsters, crabs (fig. 191), and animals akin to them, are 
almost all aquatic. Because of their crusted skins, they 
take their name of crustaceans (from the Latin crusta, a 
crust). Many insects, for example our dragon-flies, are, 
like the amphibia, aquatic when young. On the other 
hand, among Crustacea, the land-crabs are largely, and 
the woodlice wholly, air breathers living on land. 

48. Worms. 1. These animals have no distinct 
head nor corselet. Contrary to the above-named, no 
worm-like animals even have jointed legs, but may have, 
instead of them, either bristles called setae or suckerSy 
which however serve the same purpose, viz, locomotion. 

The Lwrn^nc or earthworm is of all the best known. 
See here is one the gardener cut in two when digging in 
the garden. 2. If you put those two halves in a flower 
pot, with earth kept constantly moist (fig. 192), in less 





Fig. 192. — In loss Ihaii a year you 
will find two entire worms. 



Fig. 193. — Sucker of leech (seen 
from underneath). 



than a year you will find two whole ivorms : a head 
will have growti on the half that had but a tail, while a 
tail will have grown to the half that had none. 



1. What distinguishes worms from 
insects ? — 2. What becomfis of an 



earth-worm when cut in two and 
placed in a pot of damp soil ? 
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i. Leeches have a sorl of sucker (fig. 193) by which 
they fix theraselvea firmly. The kind used for medical 
purposes have teeth strong enough to pierce tho human 
skin. 

Both worms and leeches are found alike on land and 
in fresh as well as in salt water. Ijome worms construct 
either earthy or stony tubes, in which they liye. 

2. The inteslinal worms that live in the body of the 
greater animals are generally white. 
Mankind is not exempt from their attacks. 
The most frequently met with is the 
Ascaris lotiibricoides, so called on ac- 
count of its resemblance to the earth- 
worm, colour however excepted. 3. The 
Txnia, sometimes called Tape worm, is 
by no means rare either. 4. It looks like 
a long tape divided into rings or segments ^ 
Ilig.l94),and is sometimesabouE20yards duci-d in »»). 
long, 5- At the pointed end of the worm, imppopwij Miiod 
one can perceive with the aid of a raagui- AfVod" — Ttio 
■ ijing glass a very small head A armed ''="1° sum'j'mei 
with sorts of auckers"and hooks. Mankind *"" '" ^ '"'^' 
and Qesh-eating animals are subject to having the tipnia. 
The history of these animals is very curious indeed. 
6- Each of the ring-shaped divisions of their body is full 
of eggs, ajid is sooner or later expelled. 7. This expelled 
division dries up; the eggs it contained, thus liberated, 
lie scattered about. If subsequently a grazing animal 
happens to pass by and swallows, along with the grass it 
eats, some of those eggs, they forthwith begin a new 
evolution. 8. No sooner does llie egg reach the animal's 
stomach than it is batched, giving birth to a tiny creature 
that manages to pass thi'ough the wall of tlie inleMine, and 
chooses an abode in some part at the body; once boused 
there 9. a sort of ball ittrows on the extremity of its 
body, and swelling out, all but hides its head. This 
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liead is exactlv simikr to that of the t<enia. It is those 
balls, when developed under the skin of a pig, which 
occasion a well-known malady, called pigs' measles. 
i. The little animal will there and thus remain for any 
length of time ; but were a dog, or even a man, to eal raw 
or insufficiently cooked (although smoked and salted) 
pork containing one or more of these globular creatures, 
the little ball would be digested in his stomach, the 
head only remaining. In a very short lime, however, a 
segment would add its length to the head, then another 
and another, and the dog or the poor man is said to 
have the tsenia. 

This is certainly a very complicated way of living, 
2. and the history of the tfenia should show you how 
very essential it is to be^carefui to eat only wholesome 
pork, and for further security io 
have it perfectly cooked, for ordi- 
nary curing has not much effect on 
the little parasite. 

In all cases it is prudent to eat well- 
cooked meat. 3. Some 50 years ago,- 
an almost invisible worm was disco- 




vered ; this one also lives in pig's flesh, 
and is called the trichina (tig. 195). 



"^inchfniiedrleXgreai- ^"id is Called the trichina (tig. 195J. 
ijmignitieii.Aiuiue In Germany and in America it is 
buriedTn ihe subsun- '^ry common. 4. When trichinized 
ce or th(! miiicie 9nd porlt, imperfectly cooked, has been 
fierateT ^' *'"'"" eaten, the little creatures which it 
contains in great numbers, lay eggs 
in the intestines ; when hatched^ the young ones disperse 
all through the body, causing intolerable pain and fre- 
quently intense and deathly lever. 



SUMMARY. — Annulates. 

1. The animals comprised in the greatgr..u|] uf Annulateasecm 
lo be formed by a succession of rings or segmenis strung together. 

Annulates are divided into Inxf.ts. Spiders, MiUepeds. Crutta- 
ceaiis, and Worms. 
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2. Insects (p. 66). — Insects all have six feet. 

3. Some of them undergo metamorphoses more complicated still 
than those of the frog. 

4. The Butterfly, for instance, when newly come out of the egg^ 
is a caterpillar. After having several times changed its skin, the 
caterpillar seems to fall asleep, wraps itself up sometimes in . a 
cocoon and becomes a chrysalis. From this chrysalis issues forth 
a winged butterfly. Such a metamorphosis is said to be complete. 

5. Flies, Beetles, Fleas, and Bees^ undergo complete metamor- 
phoses. Grasshoppers^ Dragon/lies, GnatSy and Bugs have in- 
complete metamorphoses. 

6. The group of Insects is the most numerous of all those of the 
animal kingdom : upwards of 200,000 species are comprised therein. 

7. The Phylloxera is an insect almost invisible to the naked 
rye. It lives on the tenuous roots of the vine, and sucks them till 
they are exhausted. And notwithstanding the war waged against 
them over one million acres of vineyards have already been destroyed 
on the Continent. 

8. Spiders (p. 70). — Spiders have eight legs; near the mouth 
venomous hooks exist with which they prick, benumb, and kill the 
insects on which they prey. — At the extremity of their abdomen 
is situated a sort of spinning apparatus, from which issues a very 
One and silky thread with which they make their web. 

9. In the south of Europe and in all warm countries creatures 
somewhat akin to spiders are found; these creatures are called 
scorpions. Their sting, situated at the tip of their tail, can occa- 
sion intense fever. 

10. The itch is occasioned by a sort of very tiny spider, scarcely 
visible to the naked eye, which hollows out galleries under the 
skin, thus giving rise to intolerable itching. 

11. nillepeds (p. 71). ~ The Millepeds, etc., if they have not 
so many as a thousand feet, have certainly a great many. Their 
body is composed of rings. 

12. €nistaeeans (p. 72). — Crustaceans (crayflsh, crabs, etc.), 
are almost all aquatic animals. Their skin is crusty, thence their 
name. 

13. Worms (p. 72). ~ If a worm be cut in two, and left in 
moist earth, in less than a year two complete animals will be 
found : a head will have grown on one half, a tail on the other. 

14. The tape-worm or Tosnta looks like a long tape with ring- 
shaped divisions. Mankind and some animals are often afflicted 
by the Tapeworm. 

15. The Trichina, a little worm almost invisible to the naked 
eye, lives in pigs' flesh. In order to destroy these Trichinnp, the 
pork must be carefully and completely cooked. 
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Ill — MOLLUSKS. 

49. 1. The HoUusks are, as we have already seen, soft 
fleshy animals in which no trace of ring-shaped divisions 
exist, and which in many cases have their bodies en- 
closed in stony shells. 

50. Gasteropoda. — These moUusks, having a 
head and a long creeping foot, are called belly-footed 
or gasteropodous animals. 

The shell of a snail (fig. 196) is a spirally coiled tube 
which widens out as it nears the mouth ; the body of the 
snail penetrates into the furthest extremity of its shell. 

Look at this snail, it is quite at ease ; it stretches itself 
out and pushes forth its bead ; it also possesses four 
horns or tentacles, two of which, A, bear minute eyes, 



y^^^ 




Fig. IJu. — SiiaiU. — A, horns l-'i^. l^i. — lIu^a. 

terminated by small eyes. 

and lastly a thick fleshy sort of foot, on which it travels 
slowly along. If you but touch the creature all this will 
instantaneously be withdrawn and hidden in the shell. 

Slugs (fig. 197) have, like their cousins, the snails, a 
head, four horns, and a fleshy foot, but no shell to cover 
their body. In some cases however a rudimentary sort 
of shell does exist, but it is hidden under the skin of 
the back. The snails and the slugs are land animals. 
Other gasteropods live in fresh water; but the marine 
species are by far the most numerous, and present a 
great variety of forms. 

3i. Acephala (a name which means head-less). 

The acephales. Oysters (fig. 198), Mussels, etc., have 
double shells ; they are provided with an upper and 
an under part called valve, hence the name oi bivalves 
given to them. These animals have no head, and are 
aquatic. 

1. To what kind of animals do ^e give the name mollusks? Give some 
eiamples. 





/aters are marine* animals, ihat live in large colo- 

3 called beda : they are iixed on the rocks, and cannot 

move out of ttieir place; mussels on the contrary can 
free themselves at will. Some live in the sen. and 
some in fresh water, but they are 
oi' different species. 

1. The interior lining of these 
moUuscaoa' sbella is ulilised un- 
der the namii oi Mother of Pearl ; 
it is often very beautiful, and many 
pretty things are made of it. irj^, icn. — ojaiers. 

2. \Vhen foreign bodies happen 

lo be introduced Let we en the animal and ils shell, a sei-iea 
ofshellycaps are formed around them; upon the capture of 
theanimaluiese are i-erooved,andcon^litute what are called 
pearfajwhich are eagerly sought for, and are of greatvalue. 

82. Cephalopoda. — 3. There exist in the seas. 
all over the world, Molluseans that generall yhave no 
outward shell : they are the Octoput 
(fijg. 199), Cuttlefish, Catamary, etc. 
The Nautilus, whose pretty shells are 
often brought home by aailors from the ' 
Indian seas, is acephalopod, rather dif- 
ferent from those I nave just mentioned. 
They are strange and hideous creatures, 
with a large head, two great eyes, and a 
strong horny beak. Their mouth is sur- i, 
rounded by eight nr ten longarms covered 
with suckers, somewhat like ihoao of the Isech, and 
with which they lay vigorous hold of whatever comes 
within their reach. When irrilaled some of them emit 
a black liquid which darkens and troubles the water 
around them, thereby permitting (light : this black sub- 
stance is used for artistic purposes and Is called sepiii. 

These animals often grow lo an enormous size, and 
become dangerous even lo man. Some have been 
known to measure ten yards or more in length, and 
their arms were almost as long as tlie rest of their 
body. Men in lishing boats have sometimes been at- 
tacked by these marine monsters. 







All these creatures are so fashioDud that their feet 
surround the mouth, and they are therefore said to lie 
head-footed animals or cvphuhpoih. 



IV — RADIATES. 

35. Tbp animals comprised under the denominatioa 
of Radiates or Zoophjrtes (planl-aoimal), are of very 
iliveraitied shape. Almost aJl of them live in salt water. 
1. Tim Lest linown and most common amonifBt them 




I til*' Htar-fi.<h (ii^. 200), the echinus (fig. 201\, 
r-.'. I '-fiiemones (fig. 202), tiiemeau... 

/'■'fjipi. The body of the fliar-fish Ji 




found to a Rreaier degree in the allied sea-urc/i^ 

(fig. 201). - 

The sea-aneinones (fig. 202) are widely different id 

organisation, their bodies are quite soft and Habby, and 

' " 4 spices. *"' 
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I $aA Hve xinuly. but some are very suiftll and fui-ni great 
colonies, which are united together by a lough invest- 
ment, such foi' examplp are the "Dean 'men's Gngera " 
of the French coast. The investments of others, called 
polypi, form enormous stony masses called corah 
llig. iOk), and in the southern seas whole islands of 
ihis anbstanee are slill to he found (fig. 205). 

The jelly-fishes or inedugm (fig. 903) somewhat re- 
semble the anemones in their structure j^they are free 
swimmers however. 

■\Ve niiiPl ]ii>l nmil to nn-ntinn the Sponges. Here is a 
■ ,■■■.1 r.M I.M.. 1. Ii hasWainly hiU litll.- 




an animal, ^et it «a<j one 2 Only viheu 
^Was a living being, all tho»u solid though elastir 

rts were enveloucd in a Imn^ Bubstance tig 206) 
What you nee ne7-e, is, m fai (, bat the skeleton of 
the sponye. 

B4. InfitMOPia. — I will now rLll you lomellung 
nbout some marvellous ciealurLs most frecjoenlly found 
in decaying animal and vt.^,elalilL matiei Thu majority 
of them are kriowa as Inlii^jua but iheie irt otheri 
also which are wonderfully small ^ut of no little impor 
Unce. Look attenlivcly at thi's glass nf water in whith 



I have steeped some bits of old hay. Hold it up 
botweBQ you and tlie light ao as to Bee very distinctly 
all it contains. You perceiye little mites of things 
moving in the water (iig. 207). The magnifying glass' 
will allow you to distinguish them more easily ; but a 
microscope' would be necessary to see them distinctly. 
1. Well, these all but imperceptible, specks, are little 
animals thai live there in myriads; there are in the 
glass, tiny creatures of all sorts of shapes. Some are 
so very small that only the highest magnifiying powers 
can disclose their presence ; thousands exist in a drop of 
water. 2. But where have all these tiny beings some 
from? That puzzles you! They have come from the hay. 




3. And how were they there? They were there dried up, 
or under the form, of eggs. 4. There exist creatures 
akin to those in the almost imperceptible moss on the 
house tops : jjuite dried up during the summer, time, if 
examined with the microscope, they look like little 
grains of green sand. 5- But if a drop of water fall 
upon them they unroll their folds, and immediately set 
out to seek for their bving. 6. When the water has 
disappeared or evaporated, they become inert as before, 
waiting for another shower. These are very curious 
creatures, are they not ? And they show you that the 
most interesting and curious creatures are not always the 



largest. We will find a new proof of this when we 
come to study microsropic vegetation. 
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SUMMARY. — MoLLusKS and Radiates. 

1. IHollasks (p. 76). — The MoIIuscan group comprises snails, 
slugs, oysters, mussels^ cuttleGsh and their allies. 

2. Mother of Pearl is obtained from th<^ inner layer of the shell 
of divers molluscans. 

3. In some oysters, isolated bits of mother of pearl are formed; 
they take the shape of tiny and beautiful balls : these are pearls, 

4. Under the title of Radiates a great series of groups is some- 
times classed, owing to the fact that their bodies are produced into 
a series of rays around a central mouth. Chief among them are 
the sea-starSf the sea-anemones j the jelly-fishes^ and the Polypi, 
Whole islands are sometimes formed by the agglomerations of these 
little creatures. 

5. The Sponges we use are a sort of skeleton, formerly enveloped 
in a living substance. 

6. With a microscope one can distinguish in a drop of water in 
which some old hay has been steeped, thousands of tiny animals of 
infinitely varied shapes. These are Infusoria. 

7. They existed in a dried state in the hay; in the water they be- 
come active and move about. 



SUBJECTS FOR COMPOSITION. 

!■* composition (p. 6 to 14). — Difl'erences between animals, 
plants, and minerals. — Vertebrates and invertebrates. — The four 
great divisions of the animal kingdom. 

2" composition (p. 15 to 18).— What characterises vertebrates? 

— Warm-blooded and cold-blooded animals. — Characters of Mam* 
malia, of Reptiles, of Amphibians, of Fishes. 

3'' composition (p. 17). — Atrial animals, aquatic animals. 

— Amphibians. 

4*^ composition (p. 23). — What shows that a bat is not a 

bird ? 
6*^ composition (p.25to26).— The paw of the cat. — Its teeth. 

— Animals of the cat kind. 

6*^ conposition (p. 33). — What is ruminating or chewing 
the cud? — The principal ruminants. — Services rendered by some 

of them. 

7tk eomposiiioift (p. 40). — What shows that a whale is no 

a fish. 

8*^ composition (p. 45). — General characters of birds. — 
What 18 there in an egg? — How are eggs hatched? — Artificial 

incubation. 

9*^ composition (p. 55 to 57).— What characterises reptiles? — 
The three groups of reptiles. — What happens to lizards that have 
lost their tails. 

Ik. 
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' 10*^ composltloift (p. 57). — Venomous serpents. — Tell what 
\<)u know of a venomous serpent that inhabits our country. — 
Where is the poison formed ? — Mention serpents whose venom 
is almost immediately mortal. — Non-venomous serpents. — How 
those can be dangerous ? — Are our snakes dangerous? 

11*^ composUlon (p. 59). — Metamorphoses of the frog. — By 
what organs does the Tadpole breathe ? by what organs does the 
frog breathe ? — The venom of frogs and toads. — Services rendered 
by toads. 

12^^ compoiiHion (p. 62). — The various forms of fishes. — 
Give examples. — Of what u^e are the gills ? 

13*^ composition (p. 66). — What is the origin of the word 
annulate ? — Principal divisions. — Different kinds of mandibles 
met with amongst insects. — The number of legs they possess. 

44*^ compofiltlon (p. 69). — The Phylloxera. 

15*^ composition (p. 70). — How many legs has a spider? — 
How do spiders kill llies? — The spider-like creature that occasions 
itch. 

16*^ composition (p. 72). — What happens to a worm that has 
been cut in two ? — The development of the Taenia or Tapeworm. 
— The trichina of the pig. 

17**' composition (p. 80). — What is to be seen in a drop of 
marsh water? 
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PLANTS. 



. — Structure of our Trees. 

SS. Diversity in the: Hliapc and size of 
Plants. — You have all obsei-ved I am sure the great 
clifferectL's that exiat in form anil she amonp the divers 
iminibprH of f!'<' Vegetable kinjjdoTn, nr plants, as thoy 




4^ 



are generally called. An oak, a rose busli, a Llade of 
grSiia are allthreo of vory different dimeiisions. To 
express this we say, there are Irees [fig. I), 
shrubs (fig. 2), and herbs (lig. 3). 

All these plants are clad hi yreen, and , 
we shall hereafter see thai this colouring ia 
of TBi-y great iniportHUce. You must know jiSrug'in 
however that there exist plants that are 
not green : mushrooms (fig. it) for inalance are red, or 
brown, or white ; the yellowish brownish grey spots, lo 
be seen on the trunks of trees or on walla, are nothing 
else than liny planta called iidieiis. T'liBi:*; ^tt A^^i 



tnumerablB plants whieh are only clearly visible undei 
our microscopes, 
BO. The difTcpent parts uf k plant. — But lu 

us leave for the lime being lliuse exceptional plants, an(" 
study altenlively a common tree. 

See here, in a waste comer of the garden, is I 
youngpeartreetfaat has sprung up of itself, as [rardenen 
say. I sball miU it uij, bo that we may examine it to- 
gether. 1. All of you Know the different parts of a tree; 




^ 1 the root A (fig. 5', wbicliishidden under ground, ani 
whose ramifications are called the lateral roots, bbbb, 
i the stem or trunk C. that rises up abnoal vertically^ 
3 the branclies, divided into primary branches T)j 
starling directly fi'om the stem, secondary branches K 
taking origin from the preceding ones ; then branehd 
of Ihvd ordei- F, that spring in their turn from **-*^™ 
secondary hrauches, and bo on ; d the leaves. 
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Let US now eitamine werLain parts, closely. 1. Above 
the stalk of each loaf, juat iu the angle A [Ss. 6), it 
forms with iho atem, or with the branch on w-hich it 

EKs, jou see a smaU bud. 2. This bud will grmo 
th and give rise to a new branch. 3. AH the 
nches spring thvs from what is called the axilla 
of a leaf, and each leaf bears a bud at its axilla. 

4, You may observe that there are some branches B, 
usually shorter than others, and which instead ofelon- 
t/aling, remain shoi't and terminate in a flower bud. 
5. These buds will become flowers, and these flowers 
will pass away and give place to fruit, pears in the 
present case. 

37. The stem. — Let us first lake the trunk (lig. 71, 
and cut it across. It is composed as you can i 
three distinct parts. 6. In the centre is 
ibe pith A, white and soft; then cornea the 
wood B, which is hard; lastly all around 
you can recognise the bark G, which is 
green and tender, and which you can pull 

off in strips. trunk. 

ITiis tree we are now examining is a ^- [^^ p'^J|- 
Tfirj young one, it sprang up but last year c, tba bin.' 
front the roots of an old pear tree that 
perished by the severe cold of the winter; its stem is 
quite slender. But I have here beside me a. log of the 
old tree (fig. 8) which I kept as^a curiosity on account 
of its great age. We will compare it with the young 
stem. 

The first observation to bo made, anda most obviousone 

f'ou must admit it In he, is, that the old trunk is much 
arger than the young stem, the diameter * of the former 
measuring about for^ inches : 7. strange to say, the area 
oceitnied 6j/ pilh in the old tmiii/t w no greater than 
in the yoitng stem. This astonishes you, I have no 
doubt, yet it is always so. In no case whatever does (he 
I pith grow bigger as (he tref grows older. As for the 
' bark G, it is no longer screen and smooth, but baa 
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become grey, rugged and much thicker, 1, The prin- 
cipal difference however is in the hulk of the wood B, 
for it alone constitutes almost the whole stem, or trunk 
aa people say, when speaking 
about tne stem of an old tree. 
Here ia a slice of the old trunk 
which I have had polished. 
I 2. Do you see those rings uU 
jilting exactly into one an- 
other? George, will you count 
them ? — There are about 65, 
Sir. — Why do you say about 
ini..,..>n.d. «^.,vu ^^' ~ ^' Because the rings, 
"aUiief.\em'o"in'o\Apm'w^. vBry eusUy countsd near the 
«e^'''w?th"a''' ^"woort P^^^< """^ ^^ closely pressed 
wUh^circ'iBe fi^nit into'acii together neoT the bark that 
"^c' "v^e birt " ""^""^ ' "'"' ^ *''*" Scarcely distinguish 
them. How does this happen? 
— Follow my explanation, and you will easily under- 
stand why thisnappeus. 4. Each of these circles marks 
one period of growth of the wood, and generally, one 
year of the life of the tree (this one then would be 
about 65 years of age). Every year, the tree grows 
thicker ; you understand of course, that this growth can 
only take place outwardly, for were the new layer of wood 
to be formed inside the tree, near the pith, ail the old 
wood, being bard, would inevitably be shivered and rent. 
The new wood grows between the old wood and the 
bark. Each of the circles you see corresponds to a yearly 
layer of wood. 

Now, when the tree was young it grew much faster 
that in its old age ; just as children do ; for you grew 
much more rapidly between four and five, than you will 
grow from Ik to 15. This is why the transverse dia- 
meter of lite rings is less as they go further from the 
centre of the stem, that is to say, are of more recent 
formation. 

Are any other distinctions made between the divers 
parts of the wood itself? You should know, Paul, your 

1. Which pari of ths Iruot of a I tlese rings b* easily counlaiJ? — 
tree deyeLops the most with age? — *, WhaL does each of tbeu eirtlM 
a. Wbit is to b« eaen on alMnU^eir indieale? 

ezaniiaiBg t nice of wood..— 3. Can I 
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lather beiug a carpenter. — Can you lell me? — 1. Yea, 

Sir, liiere is the sap wood, A {lijj, 9), ivkich is sof'l, and 

the core B, whicu is hard, and is found under or 

within the aap wood. — Quite right; 

the core is harder because it is older, 

and a greater quantity of solid matter 

has been deposited lliere, during a 

longer period of time, consequently it 

will give more heal and leave a greater 

quantity of cinders, if uaed aa fuel. wmi'-'ETiiirior"'' 

3U. The root. — So mufh for the 
structure' of the stem. That of the root is similar. 
There is so little difference between the roots and ihe 
Btem, that in some cases, as in that of the lime tree, the 
acacia, the chesnul tree for instance, when a part of the 
root is laid hare, it becomes, if so left, for any consider- 
able length of time, quite like the stem as far aa appear- 
ance is concerned, and may even give rise lo branches. 

5ft. Branches. — The way in which the branches 
stand related to the stems is exceedingly varied. Look at 
It gives off at regular intervals 



1 



the fir tree (tig, 




horiiontally ' directed branches; see, on the contrary, 
tbls plum tree (fig. U), it branches out in all direc- 
tions, so thai one can scarce follow the main stem. 



PtjUVTS. 

Bi'. Still, whatever aspect the tree may have, ths t 

"': always thicker at Hie lower parts than at the 1 

It tapers gradually, and termiDates almost in J 

K point. TItis is the case, al least, with all tlie trees a* 

r country. 

60. LeHves. — Let us consider the leaves i 
^. Th(J8G nf our pear tree hav* atalis A {6g. 12), o 
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is the leaf properly so called : [he blade or lamina. 
This blade is the most important part of the leaf, and 
many plants have leaves without slalks. i . The leaf of 
the pear tree has a simple blade, whilst that of the 
wild eeranium (fig. 13) is dtvitled into several parlH. 
The cuyisions are complete in this buttercup leaf [hg, 14) 
and extremely complicated in the leaf of the aoacia 
[fig, 15). I think I heard Henry whisper that each of 
these green lobes a,li,c, ie hy itself a wnole leaf. I aay 
he is mistaken. .Can any one tell which of us is in the 
right, and why? Nobody? 2. Do you not remember I 
already told you that, at the axil of each leaf a little 
bud was lu he found, and you see in this case one 
onlv exists, B; and it is situated at the axil of the whole 
leaf. 3. Besides if those big petioles were small 
brant:hes, ihey would not fall in autumn, and you know 
that they full, as all leaves do. 

The llowerei. — Aud now to the flowers. Tho 
first things that meet our i^yo in our pear blossom 
ifig. 1 61, are those live little outspread white leaves 
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A, B, C, D. E. 4. They are called petals. 5. If we 

now look at llie underside of iho flower (he, 17). wo shall 
see live other leaves F, (i. H. I, J, much smaller than 
the first and that have remniiied green, those are called 
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sepals. 1. In the centre of the Qowev (ha. 18) there 
are a number of little things like brisUes, A, each 
finished off by a tiny yellow bail, B : these are the sla- 
mpnit ; they owe iheir yellow colour to a sort of very fine 
dust, that botanists call pollen. Ton are 
all aware of the existence oftbis vellov 
dust : last year, you remember, I was obliged 
10 punish James, who had so besmeared 
his face with pollen that he set the whole 
school laughing. 

We will now pluck off the sepals, petals 
and stamens : 2. 1 must not, however, omit 
to mention that the aggregate of the petals 
Aindfitaken '* Called the coroUa (fig, 16), whilst 
wgeiber Form calyx (fig. 1 7) is the name given to that of 
c'oiifies for ^^^ sepals. 3. We have reduced our pear 
wiiiM"'e^kE^ blossom to a little ball, A (fig. 19), sur- 
''''"'orMMta' mounted bv five minute stalks, B, 4, This 
pipiori . j^^jj -^ (.gfig^ ovary or seed vessel, the 
little stalks are the styles, and the ovary and the styles, 
taken as a whole, form what is called the pistil. 

62. Fruit. — A very little thing indeed is the 




ry; it will, however, grow big, if spared, when once 



wben tbe sepals, petals ud 



STRUCTUllli OF TKEES OF UUIt (JOUiNTliV. 91 

the culvx. ihe corolla, and ihe stamens iiaye fallen away. 
1. It will swell oul and become filled with juice, at lirst 
sour but afterwards sweet; it will, in short, become a 
pear .■ the trnit. You ean easily recognise the ovary, 
after its transformation into a pear, for on the summit 
A of the fruit (fig. 20), you still findTestiges of the parts 
that have disappeared; they have made a little hollow, 
right opposite the stalk. 

2. In this fruit, you know, there are seeds A (fig. 21), 
loosely huDg in small cells. If we cut across the ovary 
of our pear blossom (fig. 191, we shall see in it very 
xmali white specks, C- 3. Those specks, which we cau 

Slick out with a pin, are called OTules, that is to say, 
ittte nggs. Those tiny things, in the course of time, 
will become the seet^s (fig. 21). 

4. So a calyx, a corolla, and etamens destined to 
disappear, an ovary lohkh Is to beconm a fruit, and 
ovules that are to become seeds, such is the. composi- 
tion of a pear blossom. 

65. Impttrfect floY^'eps — A flower such as that 
of the poar tree is said lo be complete. There are also 
incotnpUte ones. In some, the calvx is wanting, in 
others the corolla, sometimes even botu, but this is of no 
great importance. 

I see this astonishes you, and that in your opinion 
the moat important parts of the flower are the beautiful 
petals so often decked iu gay and hrillJaut colours. But 
this ie not the case. 5. The really important parts of 
(fee flower are Ihe stamens and the ovary; I should 
even say the grains of pollen and the ovules. 

What proves this is that many flowers have neither 
calyx nor corolla, The llowor of the Hazel nut, for 
eiamplc and yet the Hazel tree (fig. 221, bears fruit as 
you well know, and that is the principal end of its exist- 
ence. Another proof is, that you may pluck away the 
iMtals and eejials of a perfect flower, and by no means 
liinder the development of the fruit, provided the stamens 
and the pistil remain uninjured. 6. But if you pick off 
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thestamens, the ovary mill not develop, or s 
eulturista say, llie fruit will not knot. 



. This is not all: ihpi'p are also flowers that do 
both 
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and pistils : some ] 
sta.meas, while otlie 
bear piBtiis. 2. Sw 
flowers if kept too ft 
apart from one anoUu 
remain barren, that 
to say, produce no fna 
3. Sometimes both kim 
of flowers grow upC 
the same plant, as is d 
case with the melon, tl 
birch, the walnut tra 
the maize op Indian coi 
(iig. 23). 4. Somelimi 
ihey each grow Upon 
case with hops, hemp, 
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•*ilIow3. etc. ; if these plants are not near enough to 
each other, they will never be^r fruit. 4. See there, 
on the water's edge, that beautiful weeping willow 
(fig. 24): it is a native of Aaia; and as only one kind has_ 
been brought to this country, the one bearing pistils," 
nobody, in our part of the world, ever saw any ofitsseed, 
and all the trees of the kind, that decorate our gardens, 
have come from slips', and bear flowers with ovaries 
that remain unfruitful. 

64, S4?ed, — We will now return to our pear blos- 
som or rather to its fruit. 2. It contains pips, or 
seeds, which if put in the ground will ^ive birth to a 
pear tree similar to the free that bore it. Let us exa- 
mine carefully one of these seeds. 3. We first meet 
with a co'.'eWnp or sidn, and within it, the seed pro- 
perly BO called. As the seed of the pear tree is too small 
to allow us to see its details with stiTficient accuracy, we 
will take a larger one, that of an almond tree for instance. 
4. The akin once removed, we find two Hesby' bodies, 
which are very savoury (C, C hg. 251, and constitute 




almost the whole hulk of the almond. 5. Botanists* 
have given them the name at need-leaves or coti/lBdons : 
I do not like to give you those big uglv G ^ 
but very oflen it is impossible to avoid (her 
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See I have carefully separated those cotyledons; do 
you perceive, at the pointed end of the seed, a little 
fcody G? 1. Look at it closely, very closely; it is really 
a miniature plant. 2. One can distinguish^ without 
great difficulty, a tiny root R or radicle (fig. 26), a mi- 
nute stalk T, and on the top, a very small bud. And 
the cotyledons G, C, of wnat use are they? 3. They 
are simply the two first leaves of the plant. 4. Were 
we to put the little fruit (the almond), in the earth, the 
radicle R would become the root T, and the plumule G 
would grow up to form the plant. As for the cotyle- 
dons, tneir history is more complicated, and we will 
hereafter see what becomes of them when we study 
germination*. 

II. — Structure of Palm trees. 



65. We have, in a general way, gone over the history 
of our pear tree and its fruit. I now wish to examine 
with you another tree, one altogether different from the 
foregoing, a Palm-tree. Unfortunately none grow in 
this country excepting in hot houses*. To find one we 
should be obliffed to go to some warm climate. 

You may ask : but why then choose the Palm tree ? 
There are m this country many other trees. The oak, 
elm, poplar, etc. Quite true, aear children; but what 
I have told you concerning the pear tree, is applicable 
to all those trees^ nay even to all the trees of our 
country, 5. All these have a trunk thicker at the 
base than at the top, a conical* trunk, to user the geo- 
metrical expression ; all have a bark and wood harder 
in the centre, and rings fitting into one another, and 
pith ; the stems of all of them bear branches or twigs, 
which come from buds situated at the axilla of the 
leaves ; all of them also bear seeds that have two coty- 
ledons. 

But a palm tree is altogether different, and it is for 
that reason I find it necessary to tell you about it. For- 



1. What is to be seen at the pointed 
end of the seed? — 2. What do 
you perceive there? — 3. What are 
the two cotvledons ? — 4. What would 



happen if we were to pat the whole 
fruit in the ground? — 6. Repeat the 
general characteristics of the trees of 
our country. « 
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hmaCely I havo been iiLle to jjrocurc some pood en- 
gravings that nil! helj) you lo foUow my descripUons. 
66. General aspeet. — Observe in the first place 
the general aspect of the tree (fig. 27] ; how different it 
is from those of our fo- 
rests. 1. No branches 
are to be seen along the 
trunk, and on the top A 
only, we find a tnft of 
leaves long, eli-ong, and 
stiff. 2. Th<i trunk B 
itself is from top to 
bottom of equal dimen 
sions. It II (.j// n / r / 
not conical Fmin tl p 
lop, beneath Ihe leave'; 

Ereat bundles f fiowei<i 
angdown 

Thia palra tioe is, as 
you ma> juif^) bj com- f 
parinp it wilh the Arab 
j»RHsing rn camtlbdck """"' 

about kb feet high 3 It i** J tall tree buliutt near il 
is a very jouiig one not j1 o\e 9 feet bith dlthough 
its trunk is as, thirl as tUt I of %ts tldei bi oilier 




1 uf Ilia ums dimetisioii 




strnnge to say, however tali it may grow, it never mil 
be thicker than at preseat. This then is another greai 
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difference between the palm tree and our oaks, elms, 
and apple trees, etc. 

Look also at the trunk of the palm tree (fig. 28), you 
see upon it a series of regular scars. 1. They mark the 
place of leaves that have fallen off; the highest alone 
remain. These form the luxuriant tuft which consti- 
tutes the sole ornament of palm trees. 2. These trees 
have but one bud or shoot situated on the top of the 
tree, and at that point alone the plant grows. There 
are no lateral* shoots, hence no branches. 

67. Stem. — Let us tiow examine this bit of stem 
cut across (fig. 29). What a strange texture its parts 
have ! Here we find no pith, no rings of wood fitting 
into one another, no bark. 3. Instead of the regular 
disposition we have been accustomed to see, we nave 
here a spongy mass^ in which are seen an immense 
number of hard black spots, irregularly disposed. 

What can these black spots be? In order to ascertain 
this I have cut the stem of the palm tree, not across, but 
lengthwise, through the middle (fig. 30). This snows 
us, running through the spongy ^ mass (which more or 
less resembles the pith of our trees), hard black fibres 
that appeared as black spots awhile ago in the transverse* 
section we examined. These fibres have a very irre- 
gular direction, and seem, at first sight, to wander 
through the soft mass, which they consolidate. 4. If 
closely looked at however, one will observe that they 
all come from the leaves, run down into the interior of 
the stem, and thence come back to the surface, where 
they disappear. 5. These threads or fibres are no- 
thing else than the wood of the palm tree, disposed as 
you see in a very peculiar fashion. The number of 
fibres is considerable enough to give the stem sufficient 
resistance to admit of its being used as timber. 



1. What is the cause of the scars 
that may be observed on a palm 
tree? — 2. How many buds are 
there in the palm tree ? — Where is 
this single bud situated ? — 3. What 
is found in the palm tree instead of 



the pith, and the rings of wood 
fitting into each other? — 4. What 
direction do the fibres take, that we 
see running through the interior of 
a palm tree? — 6. What are these 
fibres? 
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III. — Dicotyledonous and Mono- 
cotyledonous Plants. 

68. There are then, between a palm tree and a poplar 
for instance, wide differences in appearance and in struc- 
ture. 1. Moreover, whilst the seed of the poplar and that 
of other trees of similar construction, have, as we have 
already learned, two cotyledons, the seed of the palm 
tree and that of all plants of like structure have but 
one cotyledon. 

2. It is then quite natural to divide the vegetable 
kingdom in monocotyledonous (from the Greek monos, 
which means one) and dicotyledonous plants (from the 
Greek di, which means two). 

In both groups there are both trees and shrubs. 

IV. — Duration of the life of Plants. 

09. Annual, biennial, perennial plants. — 

The length of the life of plants is extremely variable. 

3. There are some, whioh in the course of a single 
year shoot up in spring, grow stems and leaves, give 
flowers, fruit and seed, and then perish at the end of 
the warm season. Such are annual plants. 

4. Others vegetate during the first year, that is to 
say, they bear only leaves; they live through the winter. 
5. The second year only, tney flower and fructify, * 
then they die. Such are biennial plants. 

6. Annual and biennial plants have but one inftore^" 
rence or flowering^ and one fructification*, 

7 . ^Plants are called perennial when they flower seve- 
ral times in the course of several years. 

In some the roots alone are perennial, such as 
the dahlia. Every year, the knotted root or tubercle 



1. What fundameDtal difTerence is 
there between the seed of a palm 
tree and one of our own trees? — 
2. To what great division do palm 
trees belong? — 3. What is to be 
observed in annual plants? — 4. What 



takes place in biennial plants during 
the first year? — 5. During the second 
year? — 6. In what do annuals and 
biennials agree as regards their 
flowering? — Th^ir fructification? — 
7. What are perennial plants? 
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shoots forth beautiful soft stalks that bear flowers, and 
die in the autumn : 1. such is the case with asparagus, 
hops, etc. These plants have perennial roots and an- 
nual stalks. 

2. The real perennials are the trees and shrubs. 
They grow larger every year; but none of their aerial* 
parts aie, and year after year new flowers and new fruit 
cover their young branches. 

V. — Classification of Plants. 

70. 1 will now speak to you about the classification of 
plants. This is perhaps more difficult than that of 
animals, because plants resemble each other more closely 
than animals do. Everybody is able to distinguish 
insects from birds, and amongst insects, flies from but- 
terflies : but it is not so easy to draw lines of demar- 
cation in the vegetable kingdom. 

Paul, suppose I were to task you with this classifi- 
cation how would you set to work? — Why, Sir, I should 
begin by dividing them into trees, shrubs, and herbs. 
— Well, that idea nas come uppermost to many people; 
but see how many difficulties rise before you. Pray 
what limits could you find between the three classes? 
Where does the group of shrubs end, and that of trees 
begin ; and when does a plant merit the name of a shrub 
instead of being numbered amongst herbs ? Are hazel 
nuts found on a tree or on a shrub? Are furze shrubs 
or herbs? The distinctions are not sufficiently defi- 
nite. What do you say, George? 
• Sir, I think I should class plants as annuals*, bien- 
nials*, perennials*, by roots, and the true perennials, as 
you did a little while ago. — This is certainly a better 
plan. But is not meadow grass very like corn? Yet 
corn is annual, whilst meadow grass is perennial : 
meadow grass and corn would then come under two 
different categories. More than that, the oats we cul- 
tivate are annuals, whilst the wild oats that grow along 
the roadsides are perennials. Here again are two 



1. Some plants are perennial only I ing these i)lanis? — 2. Which are 
in Ihe roots ; what takes place regard- | the typical peraaiuals? 
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yellow bullercups I gatheied side hy side, one is an 
aQDiial, the other a pernicious perennial weed almost 
impossible to destroy. You see this system is far 
from being perfect either. 

71. Imporlance of the charact«ps of FlU- 
nreps. — 1. After long research, botanists' have come 
lo the condusion, ibaltho best divisions are those drawn 
from the Structure of the flowers, the (Hiil^ the seeds; 
in a waHj all that tends to perpetuate the species of 
theplaot. 

This tSichision ought not to astonish you, sincB you 
already iafiv that the form and structure of the stems 
wf trees wfiose seeds have but one cotyledon, widely 
differ^ from those of trees whose seeds lave two coty- 

IftdoDB. 

Thu8 a aeries of great groups has been cotistitutod, as 
bringing together under a common head plants often 
very dilTcrent in outward appearances, but bearing 
/lowers, having great simitttiule lo one another. 

7)1. The LegominOBte. — I have no doubt you 
all know the vetch, the lucern, the broom, the furze, 
the lentil, the clover grass, the pea, the bean, the kidney- 
vetch, the laburnum, the acacia. Some amongst these 
plants are simple herbs, others are shrubs, otbers trees; 
there are in the number annuals, biennialn, perennials: 
some creep on the ground, some climb, whilst other 
iitand firm and erect: some have soft leaves, some 
prickly ones. But if wc examine the/Iower^of all these 
plants (the fniit and Seed also], we shall see that they arc 
«M formed in the same manner, or very nearly; bo that 
if W8 tmce the history of any one of these flowers, what 
vic M-y concerning it will be applicable to each and all of 
ibem; for ihey differ but little except in size and colour. 

Let us take for example a blossom of tfi^. common 
broom (fig. 31), that grows on the road side and displays 
al (his season thousands of brii[ht yellow flowers. 

3. You find at hrst some dimcuriy in distinguishing 
the aepals D. which are as it were soldered together, the 
Iiv6' points only heiag free. Inside, is the corolla wilb 
iu li\6 pelfiU ; and very unlike one another they are. 

1, Dl"h>l <-turjdln(8llf9 had fculi- ] lionV — a, VVhil laptd Ao Ihe ttp\\t 
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1. Hera is one A,, -i^j^eh larger than the- others, which 
rises almost eriect!; beside it are two smaller ones, one 
BB, on each side ; lastly, the two remaining ones, C, 
are united as it were into something shaped like- a 
boat's keel*. The stamens E also are pecmiarljr dis- 





FiR. 31. — Flower of the common broom. 
Side view. — A, B, C, petals. — D, ca- 
. lyx.' — E, stamens. • 



Fig. 32. —The same, front 
view. — A, B, C, petals 
formiDg'the corolla; 



posed, as you may see. 2. They are ten in all (fig. 
3.3), nine of which are united together at the base, one 
only F (fig. 34) being free. 3. They thus form a long 





Fig. 33. — The ten stamens of the Fig. 34. — Nine of the stamens 

broom. ' are united at the base, one only, 

F, is free. 

tube, split open on one side, in which the ovary 
(fig. 35) is situated. But the ovary will be miich mofre 

easily examined when it has be- 
come a fruit or a pod. 

And as the fruit, or pod of the 
broom, is very like that of the bean, 
Fig. 35. - 0, ovary of the J Q^jy j^ave to recall it to your -me- 

broom plant. J__ iiiv •'i i 

mory. Everybody kfiows what the 

{wd oi the bean is like, it looks almost as if it w^re a 
eaf folded in two, with its fedges fastened together (fig. 
36). Everybody has also seen, inside the pod, its 

1. How are the petals disposed?— I and how are they arranged? — 
2. How many stamens has this dower \ 3. Where is the ovary situate? 
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edible seedSj called beans, i. The bean being a large 
seed, you will easily discern the tiny plant between the 
two fleshy cotyledons which envelop it, and which will 
also aerve, as we will afterwards learn, to nourish it 
when it begins to sprout. 

And now next the broom and the bean, 
take the flowers of the laburnum, examine 
also its pods and its seeds, you will a^ain 
find in them the same parts similarly 
disposed. 

The flower of the lucern being less, 
is not so easily examined; but with pa- 
tience and sharp eyes you will be able to 
convince yourselves that it also is of like 
structure. 

It is quite reasonable then to put all 
these plants together under the same 
denomination. 2. So, as I have already ' 
lold you, all of them come under the ge- j 
neral family name ofLeguminosae (from 
the Latin legumen, vegetables, or not wu...u.,.is ».= 
herbs). This name has been chosen be- ijine pi""". ""i 
cause many plants of this family are used iu^is'"" ''"''"■ 
for culinary purposes, 

75. The Rosaceee — Let us once more return to 
ourpear blossom, and examine it more closely even than 
before, or better still we will substitute for it this wild 
rose (fig. 37), which is of the same family, and has a 
larger flower. You see it has 5 sepals A united toge- 
ther at the base, and containing first 5 petals B, then 
a great number of stamens C ; lastly the ovary D, hidden 
within the calyx and adhering to it. Well, the flowers 
of the bramble, strawberry, medlar, almond, cherryand 
plum trees, etc. are all disposed very much in the same 
manner. Important differences exist only in the ovary, 
and consequently in the fruit, for we find amongst these 
plants to which we have just alluded, some that bear 
flesliy fruit with pips [pears, apples), others with stones 
;peaches,cherrjes, plums), others with but littteftesh, and 
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ivilh kernels (almonds), etc. Yeton accounl of the simi- 
larity of their flowers, botanists have composed of all 




■ns— D, onrr. 



these ptantfl the Rosaces family, so called because their 
flowers have the same structure aa that of the rose. 

This shows the importance of the structure of the 
/lower. Lot us thon contioue to nxamioe some of those 
that bloom in spring, at the same time as the pear. 

74. Prtmulaceee. — See here is the 
yeltotv primrose oi' cowslip (fig. 38), 
ibund in abundance in our meadows 
during spring. You sec it has five 
sepals joined together A, thee five petals B, 
hIso united at their bases, so as to form a 
pretty long tube. Lot us cut open this 
tube (fig, 39) : within it you will see, ad- 
herent to the side of the tube, five sta- 
mens C. At the lower end of this tube 
is situated an ovary D, quilo isolated and 
Ijcaring a long style. This ovary will 
, ])ocome a fruit or seed case, which when 
- ripe will open at the top just like a real 
R'i^ruiir box [fig. 41). 

Along with the primrose have been 
classed the blue and the red pimpernc), the cyclamen, etc. 
All these flowoi's form the family of Primulaceas. 

I . Tbe sertiuii o[ Ihf lluwer bdug Id two parla, wc can anil 8>>o" ■■I'Te 



Fig. S». - 
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75. The Rjununculac^se. — Here is a common 
buttercup (fig. 42). We find five sepals A, quite separate 
this time ; five petals B also separate ; a great many sta- 





Fig. 39. 
C, stamens. — D, ovary. 



Fig. 40. 
I), ovary. 



Fig. 41. 
Fruit of the pimpernel. 



mens (fig. 43), and in the centre a considerable number 
of small ovaries (fig. 44) which will hereafter become 
80 many seed-boxes, each containing one seed. The 
buttercup is the type of the family of the Ranunculaceae, 
to which belong also the clematis, anemone, papony, 
and hellebore, etc. 

76. The Aspara- 
g^ese. — See here is a 
stalk of the Lily of the 
valley (fig. 45), a flower 
very different from any we 
have yet seen. It has but 
one floral envelope A, 
which looks like a little 
round bell. This bell has 
on its edge six notches, 
which show us that there 




^ 



Fig. 43. — Open 
buttercup. 



t 



Fig. 44. — Ovary 
of buttercup. 



are here six petals blended 
into one, excepting at the 

of the bell (ng. 46) are to cea;). — a, s se- 

be seen six stamens and IZ^,^!^{,^. 
an ovary, which will be- 
come a small fleshy fruit, properly called a henry. The 
lily of the valley is akin to oolomon's seal, the aspara- 
gus, etc. ; it belongs to the family of Aspiaraginese. 

77. The Amentaeese. — The flower I now show 
YOU is as quiet and dull looking as possible (fig. 48), no 
brilliant colours has it to attract the eye. It is the flower 
of the willow, the one which bears stamens, for as I have 
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already told you in those plants both kinds of flowers 

(flowers with pistils, and 
flowers with stamens) do not 
grow from the same root, but 
upon two different plants. 
Tliis willow flower has nei- 
ther calyx nor corolla, but 
merely two stamens A (fig. 
49) , situated at the base of a 
sort of little scale or bract B. 
The willow belongs to the 
family of Amentaceae. 

78. TheCompositse. — 
I will finish this lesson with 
the examination of one of 
those little daisies (fig. 52) 
whose white flowers adorn our 
meadows and road sides, and 
which, wrapped up as soon as 
evening falls in their pretty 
frills, seem to sleep snugly all through the dark night 
until the warm sunshine awakens them at morn, and 



Fip. 46. 
Hell showing the 
stamens and 
ovary of the 
lily of the val- 
ley. 




Fig. 45. — Lily 

of the valley 

(AsparaginesB). 



Fig. 47. — Ovary 
of the lily of 
the vallev. 




Fig. 48. — Flower and 
stamens of the willow 
(Amentacea;). 



Fig. 49. 
A, stamens of 
the willow. 
— B, bract. 



Fig. 50. — Flower 
and pistil of the 
willow. 



Fig. 51 
Ovarjr of the 
willow. 



invites them to unfold their wrappings and enjoy the 
bright and genial rays. Paul, I will trust you with this 
examination; but let me warn you that notwithstanding 
the modest look of the flower, it will give you no little 
trouble. In the first ];lace, how many sepals A tio you 
find ? More than twenty. Indeed ; and how many pe- 
tals ? If all those white blades B (fig. 53) are petals, there 
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are a great many. Well, count them, pray, and the 
stamens and the pistils also. Ah 1 Sir, I am altogether 






Fig. 5'i. — Section of a daisy. 
(', llorels. 



Fig. 52. — A daisy as seen from Fig. 53. — A Daisy seeq from above 

beneath. (Compositae). 

A, crown of small leaves. — B, half florets. 

bewildered ; the little vellow things {^\^, 54) I took to 
be stamens are certainly something else, for I see with 
your magnifying glass that each 
has five notches : they look more 
like tiny flowers than any thing 
else I know ! And flowers they 
are, my child. Each of those mi- 
nute flowers has five petals joined 
together, forming a tube (fig. 55) : 
inside are five stamens with a pistil which contains an 
ovule or tiny seed. All this can be seen with a good 
magnifying glass. Those small flowers are called florets. 

The white blades B (fig. 56), 
you counted at first as petals, 
are also flowers : each blade is 
composed of 5 petals blended 
together in a lamel B, at 
the upper end, and forming a 
tube D, at the lower. They 
are called half florets. 

Lastly, your so-called sepals 
are merely leaf-like organs 
called bracts, wreathed around the bunch of flowers, 
just like the leaves sometimes put round a bouquet. 

The family to which our daisy belong, well merits, 
as you see, the name of CompositaB. This is a very 
numerous and extremely varied family. 





Fig. 55. — Floret 
of the daisy. 



Fiff. 56. — Half 
florets of the 
daisy. 
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79. Principal familieH. — We have but few 
flowers at our disposal at the present time, early spring 
giving more groen leaves than flowers. But as others 
come into view we shall find ocMiasioA to examinet he 
principal ones amongst them, and learn their strueture, 
their lamily, and their name. 

I shall now indicate briefly how we should classify the 
most important plants, those you know best or have 
heard most about. 

We shall begin hv the Dicotyledons. Here are the 
Ra)ninailaceu% with which we are already acquainted. 






Fig. 57. — rapaveraceie Fig. 58. — Crucifera; Fig. 59. — Caryophyllacc«. 
(Corn Poppy). (Colza). 

Then come the Papav&t^acecv (fig. 57), among which we 
find the Poppy (in Latin Papaver), the corn poppy, and 
their allies. 

The Cruel fercv ifig. 58) (a word which signifies cross 
hearer), thus named because their four petals are dis- 
posed in the form of a cross. This is a numerous 
family, which comprises wallflower, water cress, Atock, 
mustard plant, cal)bage, colza, radish, horse radish, etc. 

The Cari/ophijUacese (fig. 59), to which belong carna- 
tion, pinks, soap wort, catch fly, common chickweed, 
flax, and many others. 

The ^falvare(r ifig. 60), or mallow family, to which 
belong the mallow, marsh mallow, etc. 

Leguminofids (fig. 61). With which we have already 
made acquaintance. 

The Rosaccfc^G also know. 



^The 
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The Cucwrbilacum (lifr- 63), comprising the melon, 
cucumber, pumpkin, colocynth, elc. 

The UmoeUiferte (fig. 63). whose flowers are havnc 
upon Utlli^ stalks all a,ggre^ted at the [ip of the principal 
stem, and thence branching out, forming an wmbel. 
Amongst these we find parsley, angelica, parsnip, carrot, 
chervil, hemlock, etc. 




The liubiacefp, the Madder family (fig. 64], coni- 

firising Jiefiidi'si niadder,whose roots fiimish a fine red dye : 
lonce \hv. miirie nf ihe family /iH6("aftw,from mb-zr, the 




Latin fnr fd> the cofl'e« plant, cinchona, jpecacuanlia, etc. 
The C'imposiltv (tigs, 65, 66, 67), family, in which 
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.there ai'c tlireo typfts. Some, like the daisy, have a 
wi'eath of half florets around a disc of florets ; such are 
marigolds, Hunflowera, Jerusalem artichoke, groundsel, 
chamomile. Uthei-s have only florets : the thistles are 
of this description, also burdock and artichoke. Others, 
that have only half florelM, like chicory, lettuce, salsify, 
dandelion, etc. 

The Bora^inacuce (fie;. 68), comprising borage, vipers 
buglosa, heliotrope, and forget-me-not. 

The Solanacece [lig. 69|, amongst which are placed 
potatoes, bitter sweet, belladonna, henbane, tobacco, 
thorn apple. 




(1 IjiiB Daisj). 



The ScropAutaWacea; (fig. 70), the best known of which 
are digitalis or fox glove, veronica or speed-well, snap- 
dragon, etc. 

The Lobiatw [fig.71), or mint tribe, thathavea sc[uare- 
shaped stem, comprise mini, sage, thyme, marjoram, 
Jwlm, rosemary, lavender, etc. 

The EupkorbincecelSg.a) comprise the euphorbia or 
spurge, croton, boxwood, tapioca plant, dog'smercury, etc. 

Tlie ifrticiiuc or nettle tribe ; with the hemp, hop, 
lig, nettle, mulberry, elm, etc. 

The A meiitacew : comprising the oak, chesnut, poplar, 
willow, walnut, hazel, birch and beech, etc. 

The Coniferce (fig. 73) (cone bearers, so called on 
<iccoHn( of theirfniit), the greater number of which do not 



CLASSinCATION OF PI^\MS. 10 

16 tlipir leaVL-a alt al rmte, in the autumn, and ihereforp 
merilthp nunmatever/ireens. Theprincijal menihersnf 




this tribe are the pine, ilr, larch, cedar, juniper, yew and 
cypress. 




"Wo now come to Honocotyledons. 

When speaking orihe^NparamnefC (p. lOa.ijInhewpd 
you that iis flower bore six norches, there hning a union 
of suc&or&\ leaves lo form it; instead of ^ue, sf^ with the 



majority of other plants which we had considerfid Up 
thttE time. In f&ct in mosl DlcolyledonK. the parts of thft 
flower fsepftlfl, petals and stamens) are in sets of five at 
multiples of ^«e, whereas in most monucotijleilojiii they 
are in three or multiples of lluve. 

The Liiiace.-e {11^.74) m- lily tribi, plants with hul- 
Ihjiis roots, anions which iire llin tiiliji, garlie, hyaeinthj 
nnion, shalot, and aloe. 

The Irldacea; (lig. 75), iris and flajr.siladJoliiSjauffnin. 




The Amarylhdeie (iig. 76), narcissus, jonquils, snow- 
droijs. 

Ths OrdiidacesB (fig. 77), a most curious tiibe, wh( 
flowers have someCimes most fantastic shapes ; aiuonj 
these' we find orchis and yanilla, 

The Asparagine^ (tig. 78), of which we have alre*d]f 
spoken. 

The Palmes or Palm family, to be found only in 
warm climates ; the dwarf palm, rarely more than ihi 
feet high ; the dale palm, the cocoa-nut paira, and ' 

The Gramineas (tig. 79). comprising the cnrcals, t 

is to aay, wheat, harlcy, oats, rye, rice, millet, miui _ 

also the sugar-cane, (lamboo, couch grass, darnel gra98» 

, . and the greater numJier of gnod fodder grasses. 

5Seseareamongtheprineiiialf!;roups. Wcshsdlaftei 



F!.n\VEnLE»S I'LAMS, 

Wirds. in Uie coursu of somf' botanical eji 
countrv, learn further dotsils about the form and struc- 
ture 01 these (lowers, ami in Rhort thuir peciiltar charac- 




ters, Wp must, for lli« time bping, coiilenl ourselves 
with the fon-Roing dry nomenclature, which I should 
iidvist) you lo copj into your note ])ooks. 

VI. — Flowerless Plants. 

80. Thpre is still a fjreal catnf;ory of ve^Rlabk- organ- 
isniB, that v.t have not as yet esamiuRd or spokon about. 

All thu plants we have passed in review betir /towers, 
Aometimes reduced, it ia true, to stameDs and pisiilo. 

There are plants, however, that have no Jlowers at all; 
and although they arc perhaps less beautiful, they ansby 
no meaas leas interesting. 

81, Ferns. — The first group of these flowerless 
plants of which we will takonoticcarn thr> Ferns. In our 
country femsare relatively small ifii IN iii:i 1 1 ,]'..:'.. .rniind 
ID warm climates, their stems liri' _ ■ li^al 

Jards high. No doubt you wi 
;rQ8, having qo flowers, cai 
Much mightliQ said upon that 
»re more curious, r 



be content simply to lay before you a fem leaf, gathered 
from our own woods (lig. 80), and preserved ia my herb- 
arium. ^. See on the under 
side of this leaf, beneath each 
division, or as we should say, 
each lobe, those tiny yellow 
specks ranged in rows 
ifig. 81}, they are aggregates 
of sporangia or spore cases. 

2. If you examine them 
with my magnifying glass, 
you wiJl see that these contain 
minute grains (sporangim], 
which in their turn contain 
the seeds (spoi-esl of the fem; 
you can fancy that those seeds 
are small indeed. 

82. MoHseB, LJcheii^ 
IHushraom , Algse. — 
After the ferns, let us east a 
glance at the mosses (fig. 82]. 

3. You are all well ac- 

auainted with them, and have 
-- .^juidii ij ma niiieo oubtlessly observed amidst 
.^ijuidiigij iiiagniiieo. [jjgjj. foliage tiny balls B 

(fig. 83), borne on long slender stalks ; those balls are 




Fig. 8J — -Mos-. Tig 83. — Cl 
lli« seed 

cases that contain the seed, 




- 2. What du Ibue }eJlow specka | 
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Next lo these are the lichetis (fig. 84), of which we have 
already spoken (page 83t. 

Then come the Hushrooms ((ig.85], so varied in shape, 
in size, and in colour. You are aware, I am sure, that some 
mushrooms are edible, whilst others are terribly dan- 
gerous, althoTigh in outward appearance they are both 
much alike, 1. It is then most prudent to trust only to 
those cultivated on mushroom beds ' . 

Truffles are sorts of mushrooms that live under 
ground. 2. Some mushroom-like organisms are so very 
small that they cannot be discerned without the help of 
a microscope*. Such is mould. So also many pests 
of our vineyardsand fields : all those mushrooms and 
their allies are termod fungi. 

3. The Alge [lig. 86) are plants that live in water. 
Some are very curious and very beautiful, especially 
amongst those that live in the sea. 




This is all I can tell you at present of the natural his- 
tory of plants. In our walks we shall frequently find 
occasion to gain new information ; and I hope to be able to 
show you a great many of the plants I have mentioned, 
and probably many others besides. 

Now, before leaving the history of plants, I must tell you 
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that there exist most minute beings, so very minute 
indeed that it is only with the help of most powerful 
microscopes that they can he perceived, yet notwith- 
standing they play in nature a most important part. 

You have perhaps heard of dire maladies that kill 
thousands of sheep every year, and not sheep only, but 
also oxen and even men. Many of these are produced 
by an extraordinary swarming in the body of little 
creatures called Bacteria, that look like minute crystal 
threads (fig. 208, p. 80). 1. The mere prick of a pin 
that has been dipped in the blood of an animal suner- 
ing from these diseases, would be sufficient to cause 
death to a man. 

2. Putrefaction* also is. caused by the development 
in dead bodies of similar little creatures. 3. Those 
tiny beings, and many others akin to them exist, in a dry 
ana inert state, in the dust that floats' in the air ; they 
are everywhere to be found, 4. and when they fall upon 
dead animal or vegetable matter, they vegetate and grow 
like grains of corn upon arable* land. 



SUMMARY. — Plants. 

1. Different parts of a plant (p. 84). — An ordinary tree 
is composed of a root, a trunk, or stem, branches, leaves and 
flowers. 

2. At the axil of each leaf, in the angle that it makes with the 
branch, you find a bud. 

3. This bud, in growing, will produce a new branch. 

4. All branches thus take origin at the axilla of a leaf, and every 
leaf bears a bud at itsaxilla. 

5. Some branches, instead of lengthening out indefinitely, remain 
shorl, and are terminated b) buds. These buds expand into flowers, 
which give birth to the fruit. 

6. The trunk or stem (p. 85). *- The trunk of the trees of our 
country is composed of three parts : in the centre is the pith, soft 
and white; round the pith is the wood, which is hard; and lastly, 
surrounding the wood, is the bark, which is often green on the 
outside. 



1. What effect is produced on man 
by the prick of a pin dipped in the 
blood of an animal afilicted with 
such a disease? — 2. From what cause 
/s pu/refarthn produrpi] ? — 3. Where 



do you find these little creatures, 
and many others akin to them? — 
4. What is the cause of their de- 
velopment? 
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7. The pith does not occupy more space in an old tree than in a 
young one j in other words, the pith does not augment as the tree 
gi*ows older. 

8. The trunk of an old tree cut across presents a great number 
of circles fitting into each other. 

9. Each of these circles corresponds to one period in the growth 
of the tree. 

10. As the tree grew more rapidly when it was young, the circles 
near the centre of the stem are very distinct from each other; they 
become less and less so, as they get nearer the bark. 

11. As to the wood, we can distinguish the core in the centre, 
which is harder, because it is older, and because in the course of 
lime a solid matter has been deposited there, and the sap-wood 
(placed between the core and the bark), which is softer. 

12. The trunks of our trees taper gradually towards the top, and 
terminate in a point : they are conical. 

13. The branches (p. 87). — Stems give origin to branches in 
a great variety of ways. Sometimes they send out horizontal 
branches, as in the fir; sometimes they branch out in all directions, 
as in the plum-tree. 

14. The leaves (p. 88). — Leaves are composed of a stalk or 
pHiole, sometimes wanting, and a green part or lamina. 

15. This lamina is sometimes simple^ as in the leaf of the apple 
tree; sometimes dividedy as in that of the butter-cup. It is still 
further divided in the leaf of the acacia. 

16. The Flowers (p. 89). — The flower is composed of sepals, 
generally resembling little green leaves, the aggregate of which is 
rallied the calyx. 

17. Next internal to these come larger leaves, generally coloured, 
which form the corolla; they are called petals. 

18. In the centre of the flower you can see little thread-like stalks, 
at the ends of which there are yellow masses : these little stalks are 
the slamens, and the colour is produced by a very fine kind of dust 
called pollen. 

19. Quite in the centre of the flower there are one or more balls 
surmounted by fine stalks. This ball is the ovary, the stalks are the 
styles, and complete, ovary and styles, is called the pistil. 

20. The Fruit (p. 90). — It is the ovary which in course of 
time becomes the fruit. 

21. In the ovary there are little white masses called ovules : these 
ovules will become the pips or grains that you see in the fruit. 

22. Seeds (p. 93). — If you examine a seed, a bean, for example, 
or the kernel of an almond, you find two bodies called cotyledons, 

23. Between the two cotyledons you can see a plant in miniature, 
in which you can distinguish a small root (radicle), a little stem 
with a tiny bttd at the summit, plumule. 

24. As for the cotyledons they are the two first leaves. 

25. iDeomplete Flo'wers (p. 91). — The important parts of 
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the flower, are tlie stamens and the ovarieS; or rather the pollen 
dust and the ovules. 

26. When tlie stamens of a flower are removed, the development 
of the ovary is completely checked, and the fruit does not hiot. 

27. Certain plants boar two kinds of flowers : the one possessing 
stamens, and the other the pistils (ovaries and styles). 

28. Sometimes the two kinds of flowers are borne on different 
plants. 

29. Structure of the palm-tree (p. 94). — The trunk of the 
palm-tree is everywhere of the same «ize : it is cylindricalj and not 
conical. 

30. The trunk of a young palm-tree is as thick as that of an old 
one : it lengthens, but does not thicken. 

31. In these trees there is only one bud. It is at.the top of the 
tree, at which point the plant grows. There are no buds on the sides ; 
consequently no branches, but simply a large tuft of long leaves, 
stiff" and hard, placed at the top of the tree. 

32. There is no pith in the trunk, and no circles of wood fitting 
into each other, and no bark. 

33. Instead of all this, a soft mass in which may be seen hard 
black fibres, which fibres originate in the leaves, and penetrate into 
the interior of the trunk, and then thread their way back to the 
surface again. 

34. The seed of the palm4ree has but one cotyledon. This is the 
case with all plants of similar structure. 

35. Dicotyledonous and monocotyledonons plants 
(p. 9^7). — Plants have been divided into two classes, Monocotyle- 
donous plants, having only one cotylodon; and Dicotyledonous, 
having two. 

36. In each of these classes there are trees, shrubs, and grasses. 

37. Duration of plant life (p. 97). — Some plants shoot in 
spring, flower in summer, and perish in winter* such plants are 
called annuals. 

38. Others give leaves the first year, flowers and fruit the second, 
and then die : these are biennials, 

39. Others flower and give fruit several successive years : these 
are perennials. True perennial plants are generally shrubs and 
trees. 

40. Lastly, there an^ plants perennial in the root only, and annual 
in the stem : such is the dahlia. 

41. Ciassiflcation of plants (p. 98). — Plant families 
have been established by grouping together under the same name 
all those whose flowers bear a great resemblance to each other. 
We have thus the families of the leguminosx, the rosaceeSj and 
the primulacctB. 

42 . Plants 'without flo'wers (p. 111). — Plants exist having 
no flowers at all. Such are ferns, whose seeds are borne on the 
)eaYL^j mosse^i, lichens, fungi, and alg,'e. 
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^ SUBJECT$ FOa CQMPOSITIQII. 

1** composUlcNi (p. 85)~* — Th~e stein. -^ The pith; the place it 
occupies in the trunks of young trees, in those of old trees. — What 
is implied by the rings of wood. — Cor^ and sap-wood. 

2"' composUlon (p. 88). — Leaves. — What is seen at the 
axils of the leaves. — Simple leaves, complex leaves. 

3'' composltloD (p. 89). — Flowers. — The different parts of a 
flower. — What does the ovary become? 

4*^ feomposttlon (p. 94).— Palm trees. — Their trunk.— Their 
leaves. — Their seed. 

5*^ composition (p. 97). — Duration of plant life. 

6*^ eomposUlon (p. 101). — What may be seen in a bean. 



Ill - STONES AND SOILS. 



I - STONES. 

85. Now that we have acquired some ScdwI^d^e oi 
animals and plants, we must set to work and Te^Tn 
something of the ground or soil on Which we tread, and 
of the stones, or more properly speaking, the minerak 
of which it is formed. You will see that here also there 
is much interesting knowledge to be acquired. 

84. Different constituentis of the^soU. — 01 
course you all know that soil is composed of many diffe- 
rent constituents. 1 . You are able I am sure to recognise 
arable* landj that is, earth, which is tilled, and in \mich 
ieeds are sown and plants cultivated : also stones, dis- 
persed all through the soil, now in small fragments, again 
in great masses called rocks; and sand, in reality com- 
posed of very small stones ; again clay, a sort of earth 
easily wrought, kneaded* and moulded*, which retains 
water in its noUows, being what is called impermeable; 
and which when baked, becomes hard, so that from an- 
cient times until now, dishes and all sorts of 
pottery have been made with it. Lastly, all 
of you have no doubt seen or heard of pretty, 
regularly shaped stones, having what are 
called angles, edges, faces; which stones are 

A^*^ t'l c^ll^d crystals (ng. 1). 

^^'^* * ' As we know what a classification is, we can 
see thatthis is already a pretty good beginning. Only we 
have learned not to depend on outward appearance alone. 
Let us then set to work, and look closely and attentively 
at all these things. 

85. Action of Acidis upon stoneis. — Here is 
a bit of chalk that I plunge into a glass of strong 
vinegar (fig. 2). 2. Tiny bubbles of air (gas is a more 

1. What^ are the diverse consti- | pens when a piece of chalk is put 
tuents of the soil ? — 2. What hap- I into strong vinegar? 
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appropriate word), immediately ooze out of the stone and 
rtse to the surface of the liquid, which thus seems to 
boil. Now that I have stirred the contents of the glass 
with a bit of stick, you can see that the chalk has 
altogether disappeared ; it is dissolved just as a bit of 
sugar would have been. We shall find the explanation 
of this in another lesson, when we come to study che- 
mistry; we have verified the fact, and that will do for to-day. 

1. I will now put into the vinegar dibit of stone simi- 
lar to that with which the school-house is built; hard 
as this stone is, it also gives vent to gas and dissolves 
as the soft chalk did. Marble would be acted upon 
just in the same manner. 

2. Now if I put a lump of clay (fig. 3) into the vinegar, 
the result will be altogether different; scarcely any gas 
will be set at liberty, the clay will 
spread itself out at the bottom of the 
vessel, arid will remain there perfectly 
intact. 

3. Here is, this time, a bit of flint, 
and a pebble I found in the bed of a b 
the river, which the water had washed xhe^iction of wfds^in 
down from some mountain rock, also stones, in a, the 
a marble in agate : upon these the vi- l^allJ^in^ 'I 
negar has no effect at all, no m,ore, piece of flint Ve- 
indeedy than pure ivater would have. "™*^°^ *°***^** 

We will now repeat the experiment with a very strong 
acid that burns and destroys everything, sulphuric 
acid, which chemists sell under the name of oil of vitriol. 

4. With great care, I take a drop of it on the end of 
a glass rod, and let it fall upon the chalk. See, such 
a aischarge of gas, or effervescence as chemists say. 

5* Another drop upon this bit of marble, so beauti- 
fully polished ana seemingly so hard : the effect is the 
same. This should teach you, in passing, never to leave 
upon marble an orange or a bit of apple nor any other 
acid thing, else the marble would be very rapicfly cor- 
roded. 




1. Under the same circumstances 
what woald take place to a small 
piece of stone used for building? 
Marble? — 2. Piece of clay? — 
3. A bit of flint? — A small pebble ? 



— A marble of agate? — 4. If 
instead of vinegar very strong sul- 
phuric acid were employed what effect 
would it have upon the chalk? B- And 
on the marble ? 



ill. — ST()\KS AIS'D SOILS, 

1. BlU upon clay, on tlint, on Ike pebble, or ti 
iqatB, 'he sulphuric acid hitit not the slightest, effect 
the drops we let fall upon Ihem I'emain (piUe ulill, ai 
ocr.anion no effervescence. 

2. There usist then two kinds of stones : 1 i/wi 
Qiut dissolve in adds, yiving vent to gas ; 3 thoBe thi 
are not affected by acids. 

86. CnlcspeouH and i«ilicioii»* st»nes. — i 
Clii'lh, litiie-stone, nnd marhle, are called calca 
reous stones. 4. When i^nbmitlcd to a very hi] 
tern pp rat a re in kilns conslt'ucled for the purpose (iigJ 
' ■ ' 'hiir (in Latin calx, whence their name 

BesidQs , whatever be tb« 
consistency they are never i 
hard as stcol, nor { 
iron. 5. Therefore t. ._ 
or even a nail can alum 
mnke an incision . '6-OiitJ 
contrary, flint and all Bti 
akin to it, a^tos, etc., t 
laiyi no Hm/: and undergo i 
iitleration by fire, 7. Mm 
ovnr ihey are si 
hard that the point of a kni 
has no eU'v.n upon them, wbil 
they on the contrary, if lb( 
fnri-Dtur siunos BfB suDiuiiino li. have 8 shttrp edp;e, c 
m'tranafsnnedinio'iSn"!'' ' "' marks even upon 

8. And also if they are stnio 
violently and sharply against a hit of steel, on tbo btn 
of a kuife for example, a fragment of steel is detacbet 
whieh reddens under the force of the blow: this beaM 
fragment is called a spark. Long ago. and yei l_ 
iO'Vepy long ago, this property was applied to kmdlia 
ire (hg. 5) ; striking Eve, as jjeople used to say. ■ "-^^ 




^Hi^p«rposp tinder" was prepaicd . su as to cutcli ihc 
spark resulting from the blow. The tinder tuok fire as 
soon asthespark fell upon it. The same principle was 
als" applied to etuds (fig. 6), the npnrk io like 



^f^ 




Fig. B. — Lock gf a gii» 






Setting file tn the gunpowder. 1. All lliefi* exlreinely 
Itard sirtWM avf silex, or rathnr Bilicious stones- 
There exist a good many of them, and some are very 
boautiful, rai'e and precious. We shnl! afterwards have 
(iceasioQ to speak atoul ihem. 

3. Sandstone, whii-h is merely grains of .-iand aluck 
together or aQf/lomeraled is someliraes sliehlly calca- 
reous, sometimes entirely inli'cioiiti. This last variety. 
on account of its hardness, which alltiws even steel tn be 
aclud on, in used to make whelntones. 

3. The stones projected iiy volcanic 
lido 



sniptio 



Plafnt^r, Hlate, clay. — Here is a kind of 
Htone, whiuh, allbough not very common, is very useful 
indeed. See. how soft and yielding it is. I can seratch 
marks on it with my finger nail. 4- Yei a drop of acid 
baa no effect upon ii. 5. If exposed to a strong heat 
ifig, 7), it is reduced Io a fine while powder, which 
ynu all recognise immediately; it is plaster. 

6. The alone is called Gypsum, tireal ijuames of il 
exist near Paris: and for ihm reason the plaslcr it affords 
is soraetimas culled jitaster of Paris. 




III. — STONKS AND SOILS. 

Tlip bit I <<howefI you is a i'mgrnent of a atatuel 
I bought -lome jears agn at a rail'. Il came from Ilalj 
"shere great aumhirft of Bimilar staluultee are rougl 
cul out of a very white si 
of gj-pBuin, called alabagl 
(fig. 8)(frora the Latin albt 
^yhiw). 
2. Slate is (fig. 9) wi 








known to everybody; its hardness is aJjout equal I 
that of calcai'eous stones, that is to »ay, iQuisIons can X 
made in it with a knife. The hngei' nail caniiot mai 
it, and afida have no effect upon it. 

3. Clay is, aa everybody knowa, soft and easily mani 
pulated, yet acids have no effect upon it. 

4. Limestone, sandstone, gypsnm, slate, clay, ar 
the mosl lusvful stones, or at least the most useful fa 
you to know about. 

88. Sinny mixtures. — You must not hoWATC 
believe that these rocks are always pure in tha 
composition, ur that lhi>y are distinct one from i 
Dthei'. 5. On the contrary, calcareous rocks gens 
rally contain some clay, wnilsl clay contains more a 
less calcareous matter. 6. For instance, there is '■ 
well-known rock called marl (fig. 10), which is com 



I of ealcareouf, mailer mi\ed wilb a strong pro- 

Eortion of clay, it is in fatt fnr this reasnn that Jrosl 
reaks it ■ 
easily, an 
lows the run 
to dilufe am) 
mix it with tin 
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wder, and mingled with animal and 
See liere is somi! garden mould 
unite freed from alimes. Let lis wash it carefidly by 
sliakin}; il genllv under the tap nf 
the water-cask [hg. II). The water 
that runx nif ig muddy and dirty; il 
carries along with il a ijuaiitity of 
blackish matter. At last, by dint of 
shaking , nothing remains Init some 
very fine and tolerably clean sand in 
theltoiloni of tha glass. We will now 
ftdd a liltie nulphuric acid. Imnn- 
diately effervescence* ensues, and ihts 
indicates the presence of calcareous 
matter. Everything has settled down p^^ |, _ \(!«ublo 
again, and you see there still remains muuiii or araLin e«,' 
in iho glass a good deal of Band ; " ' "^'"j" "' '^Hf' 

^t". ^ PI- " • J I "■"" ponder groiPH 

this we can affirm IS composed eselu- d siit* ciij riuei 
sively of grains of sUica and clnii J"^'^^^ ""' "«"'■''''' 
dust. 

89. Crystalline Rocks. — 2 Mineral^), as I lia\e 
already told you, often assume llie form of what are called 
crystals. 3. There are, for example, calcareous crystals 
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and silicions ones. Gypsum, a great mine of which 

exists near Derby, is. often 
found crystallised in a spear- 
head shape (fig. 12). 1. Crys- 
tals of carbonate of lime (ng. 
13), are of no value. One 
day, a poor peasant came, al- 
most mad with joy, to tell me 
he had discovered a mine of 
Fig. laT Fig. 13. — Calcareous diamonds. Those diamonds 
Crystal of crystals. ^yere simply some calcareous 

^^^™' crystals that lined tiie in- 

terior of a large hollow stone. Great was his grief when 

I told him what his treasure 
really was, nor could he believe 
me until I showed him that 
ray knife, with ease, cut marks 
upon them. 

2. One of the most inte- 
resting amongst crystalline 
calcareous rocks is the white 
and beautiful statuary mar- 
6 /e (fig. 14). A broken frag- 
ment of this marble looks 
quite like a bit of lump su- 
gar; in fact, like lump su- 
gar, it is composed of an 
assemblage of tiny crystals closely interlaced. 

3. Silicious crystals are much prized on 
account of their great hardness, which allows 
them to cut marks upon glass, while it pre- 
vents them from being dulled like calcareous 
crystals. 

4. One of the most common is quartz 
Fig. 16.— Dia- o^ ^^cA; Crystal (fig. 15), often found in 

mouds arti- crystals as large as a man's head. 
Diamonds^are Others, rarer, of more brilliant aspect, and 
pure crystal- still harder than quartz, are found only, in 
lised carbon, gmg^jj crystals, and are eagerly and carefully 
sought out? and cut with facets to adorn jewels. 





Fijr. 14. — Mar- 
ble statuary. 
— Statue of 
Denis Papin. 



Fig. 15. — Enor- 
mous rock crys- 
tal in the Jar- 
din des Plantes 
of Paris. 



'- .liSI^J; 
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l.What is the value of crystals of 

carbonate of lime? — 2. Name an 

in leresting calcareous CTYSiallmQ rock. 



— 3. Why are silicious crystals more 
sought after than calcareous crystals? 
— 4. Name a common silicious crystal! 




I tJi, They are called precious stones: riihies (red), 
sapphires (blut!), emeraMs (green), lopazes (yellowj, 
amethysts (violet). 

Before passJcg on to mi>re useful matters, I must tell 
vou sometning about diamoads [Tig. 161. 

The diamond ia the most heuiUiml of all crystals, the 
moBl brilliant and the hardest; it can cut glass or en- 
grave upon all other crystals. Being the most precious, 
It is ofjcourse also the most expensive : a diamond of the 
weight of 15 grains is worth al least t 250. 2. And yt:l 




it is not a stone: it in nowise paHakes of the chemi- 
i-il nature of other minerals, 3. It is pure crj/stallised 
carbon. This is a most astonishing and almost in- 
credible fart, on which we shall acijuiro some farther iu- 
Ibi'mation in our lessons on ehemislry. 

4> For the time being, keep in miitd this one fact : 
a diamond can be burnt jusl H/ec coal, only it rerjuires 
K stronger heat. 
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1. All the above menlioneil crystals are very bcaulift. 
indeed, but of liltle real use. Others on the cantrar 
arc of vt'ry great utility ; Kuch as Sail, for instance, 01 
common kiti;hen sail. 

2. A great quantity of l!it! salt we use is obtained b 
iho evaporation of S( 

' [er. in salt marahi 
I (lig. 171. S. But Uiia 
not the only way is' whic 
this indispensable artic 
is procured. Inuneai 
crystallised masses of 
are found in iho ear 
I (fig. 18);it then takes ti 
I Dame of rock salt. 
I'lB. ■« -Miiic- ot ruoi-s.in Theroare mines ofroc 

salt in Eugland and 
Franeo, hut ihe.most important i^alt mine iii (he world 
that of Wieliuiika ' in Poland ; in this mine, 600 feet u 
derground, miles of galleries' have been made : th 
willgive you some idea of its extent and importance. 
9U. 3. Crj-stAlline RockH. — Ci-ystals are a 
ahvaysisolated. They are agnl 
limiis agglomerated in mass 
considerable enough to for 
stones and even rooEs, 

4. Granite (fig. 19) is fomn 
in ihis manner. All oi yo 
i am sure, hiive seen granit* 
It is composed of llii'ee sorts i 
crystals interwoven as it we 
together : namely quarts, 
hich wo have already spokca, felspar and mit: 
S. Mica also ia something with which moat of y" 
are familiar. In some countries the sea washes it a^( 
in such quantities that it ia gathered and sold for IK 
to nothing under the name of gold powder, whic^ 
used to dry up ink instead of blotting paper. See, I III 
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some here ; it lotiks like u fjreat many thin and hrilliani 
spangles nf ^cild. SomntimBa this same substance is 
found in sheets large and transparent enough to he used, 
in certain coiinlries, as window panes. 

The felspar (fig. 30) is less spoken about. It is not- 
withstanding of no small importance. Often under certain 
atmospheric influences, as yet insufiieiently determined, 
it decomposes and crumbles into dust. 1. This dusl, 
carried awav and washed by the rain, becomes what is 
called Kaolin, 2. from which porcelain ia nianiifaelured. 

^ 9 



There exist a great number of rocks, more or loss 
akin to granile. 3. Those best known amongst them 
are the porphyries, composed of the crystals of fol- 
H]iar, set in a line paste of felspar. Tike almonds 
in an almond rake: and basalts ifig. 21), of volcanic 
origin. 

We have now pussed in review the principal rocks 
and atones, hai-d, soft. crystalline or otherwiae. But we 
cannot leave the history of things foimd in the crust 
of the earth willioul saying a word alinut metals and 
coal- 

91. Hv'ImIm and c-oal. — 4. Metals are generalh 
found under tho form of ore, llial is lo say mingled 
Vfilh other bodies. Although sometimes found on the 
Burfsce of the ground, they are generally more or less 
deeply buried, necessitating the hollowing out of mines ' 
for their discovery and extraction. 5. The ore exists in 
ihtt earth sometimes in pretty large niassee, aomelimes 



(fmrapsMil anil nulnrcd i 
— g. Wbal t: 
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in veins (fift. as), which the miner must carefully follow J 
ii]i ai one would follnw thfi pipe of a stove in order taf 
] emOYL Ihe 'foot I 

It happEDi at time; thit rocks containing orii crumhle 1 
to pieces frora rhc (ffpils rf frost and rain, and theal 




The metal bemg hea\) jails 
po h an! [iiipt nook" Thi 




liy torrents and rivers, 

to the holtom in dee{f 

is why ftnld is often 

I'ound in (he farmet 

'. OH well an in 

dual channelii^ 



i-laiu r 



it 



1. Coal 
sidiifi of immeiwe 
forpsta buried in t 
euitli during a pi 
(iigious number 08 
years. Those forSAM 



Iv of enormous feriul 
(iig. 23) aud trees sommvhal akin to our firs. In ordar 
to procure the coal out of the depths of the eai-th y«l 
know that great pits culled mines are dufr, and subtep- 
ranean gaUeries are made ilig. 24). 

2. The turt or peat in formation at the present day it 
very young coal not vet buried. The plants of which 
it is composed are still recognisable. 



i 




II — HOCKS. 

You mu*!t noi fancy thai rnlcareottn stones clavR 
slntes stlictous clones arp miDgled together in a he 
terogeneoiis fanhion m oidor to ftim thn soil on whiih 
ttp tread No \ou alieadj know that this is not thf* 
LSHe 

And bdoii! prncpeding furthei, I must atijuaiat ynu 
with the faa Ihal the lerm rotk i« .ipphed b> mineraln- 
eiblB, noi onh to ihu slonj jndttei familiarlv tailed rork 
hut also to nil (ha massive mineral siilistaDces whuh 
(ompOBe the oust 
of thfl earth L( thn\ 
as soft as riaj b» 
friahle as i halli, or 
aa hard as fliiit 

8S In one of 
oui recent walkn 
«e went to visit the 
{{uairy on the hill 
sidf ^oiimriv re- 
mumliii 1 pointed 
out to jou Ih low 
t < part of the e\ 
lavatiOQ 4 (lip 25) Soimi d oi cali ar uus 6lone com- 
laonl) i-alled limestone with which the villago is built 
Above thesn \se saw B a lajer of clay which supplies 
material for ihe tili works of Henrys father. And 
laslly, upon ihe lop, a layer G. of sand, teslrewn with 
pehHles like those vou hnd in the river at the foot of 
thu hill. 

4. The neifthbouring bill is composed of three auper- 
^ioskJ layers : namely calcarefnis rock, argillaceoits 
rock, and nandii soil. 

93. Heiln or layers. As wa made a pretty long visit 
to the calcareous or limestone i[iiarry, I drew your at- 
tenlion to the fact that the blocks of stone were ilisposed 
with perfecl regularity, one upon anotlier. just as if 
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some giant had carefully piled them up. 1, From pUc 
io place, I showed you horizontal bands separatin 
layers nf stone, alighlly differing from one another i 
colour and eonsislem^y. In other words, I made yo 
obseiTa that the (jiiarry was formed of several reg' 
larly superposed strata. 

In dimbing the liteep road cut on the slope of t 
hilt, we passed by the pi-ecise spot where the calcareoi 
strata fimshed oft and ttie layer of clay began. Thu 
also we saw, that the line of' separation luas as etraig, 
and level as those whieh divided the different strata i 
the 9tone-({iiarrj. 

Now what do you think coiilil have brought such a 
glomeration of stones there, and how does it happe 
that thoy are so neatly and so regularly arranged? 

04. IHarine organlsnus in the gpouiul. • 
The (j^uealioa ceclainly appeai-a a very difficult one. 
here is somclhing tliat will hulp us to find an ans' 

2. The owner of the ijuarrjt 
Mr. Jonf'R, gaye us some foBStlim 
r shells, anJJameR, whowent dim 
ing about everywhere, found he 
' ind there great numbers of tbem 
.hese are shells changed 
stone. 

Let U9 examine tliese shel 
(fig. 26]. At a glance we can deti 
tlieir resemblance to common 0] 
lors. And oysters, as you w 
know, live in sea water. 3. Hen 
the conclusion that the sea on 
lay above our ijuarry, and that these oyatars ti* 
in it, as those of our days live on the rocks under ti 
waves ; that after the death of these oyetera, alimy ml 
and sand of a calcareous nature were deposited on llM 
shells. 4. That after all this, a time came wheti t 
sea disappeared, ivhen the mud, sand, and shellt Mn 
loyelher m the process of drying, and funned Ih 
the calcareous stone we have now before us. Thxa, 



ia I qutrry »U mingled logelhor? 
— 2. Wh>l ai-B oflpii fuund in 
•/aatriaa?—3 Wh»l Joas 11« pre- 




(Bol be explained otherwise. Moreover it has Leen 
proved that the like is now going on in several places on 
the sea-sliore. 

03. Apparent moTementB of IJie sea j 
movementt) of the g;roun(l. — But, you may ask, 
how can it be ihat llje sea, which is far off at the 
preeenl day, should have at one time covered with its 
wares a great part of our hill, and risen 350 feet at 
least above its present level? And again, if it once was 
there, how is ii that it has so completely disappeared? 

There are onlv two ways of eiplaining this. 

The first would be to suppose that there was at one 
time much more water in tie sea than ihere is now, as 
il9 level was 350 feet higher than at present. And yel 
that would not sufhce, for marine shttls are found in 
the Alps' and Pyrenees' at more than 9000 feel above 
the level oC the sea. 

And again if this were the case, what could have 
become of such an immense quantity of water ? Evapo- 
rated into the air ? But the firmament would not suflice 
to bold so many clouds. Gould it have sunk into the 
earth? We shall afterwards see ihal it is far loo warm 
for water to remain there. This cannot then be the 
real solution. 

i. The second explanation would lead us to suppose, 
that it is the bottom of the sea that has been heaved 
up so as to emerge out of the water, which latter has 
changed place wilhoiU iliminishiii'/ in quanltly. 

Which of the two explanations iio you preferj Paul? 
Sir. I see that the lirst will not do. And for the second, 
I cannot see how it could do either. The earth is so 
solid ! Papa, who has been on the sea says that the 
water isconslanlly in motion; whilst on dry land, every- 
thing \9 (luite still and steady. Well, my child, let me 
loll you, tnal the dry land ia not so still nor ao steady as 
you fancy. True, its movement is so slow that we do 
not feel it. 2. Bui il rises heir and falls there, aivl in 
KOine fitaces it rises or falls ctUernalelij. 

Obvious proofs of this exist at the seaside in various 
places. At Poznuoli (iig. 37'! in Italy, the Romnns built 
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I tfmiilc on the sea shore. The ground Laving aubafr 
jueutly sunk, the sea invaded the templo long enougt 
to B Uow marine Hhella to iur 
row' into the columns snnn 
yards above the futvemenU 
.'iinue then the ground has 
again risen, and at the present 
day the traces of the marina 
shells ai*e at a uo aside rabid 
liL'ight ahove [he water. Tlu.^^ 
siioae phenomenon ia taking 
place slowly in our days ott 
several coasts. 1. The coiSV 
of Norway, for instance, .-^^ 
Kicking gradually .whilst that 
ol' Swcilen is emerging mora 
and more, and the Baltic' is 

hiToming shallower. Laniln 

Ij, 2, _ f j„ ji ,,„„^;,j| In marks made on the SwediBh 

iiilj.*— e, niariiiB burine siwiis coast hy the- celebrated &__.. 

sM, mngol the eighteenth eentu* 

ry, show that this upheaving 
uses the coast about four feet in the course of i 
century. There is nothing surprising then 




that thf bottom of the sea should havf 






I the &i« 

2. Many 

■s ha' 



! But ceH- 
/'fives, that to iia 
-rrm so long, a 
liut moments, 
when compared ti 
^ the prooigioBfl 
periods of the past; 
In shorl.scienr- 

the prpsenl day that thi- .second explanation is the trua 
"" ' 'i far formerly, covering all H^ 



Fia. "■- 



The s 



«ttThii]Bdinif eoimlry IV'iiii \ in K'ir.- J'^', amJ (!i'posi(- 

ing regularly aud _ ^^^^^ 

slowly itamalerial T'r "I^ 

held in suapen- j ~ 

siooanilitsshtilb. i 

Afjerwanls l.ln' ■ 

Lotlom of the ti-u. 

wasiipheaved,aiitl 

A'B'llip. 29) Willi 

all iu lend se- pi^,„._th„tt„te[i™^UH<». »«, w A-B 
dioieDls beiarue ' 

dry land. Do uju undLTSland now, Master Paul? 
tf6. SilTcreneeH bet^'eeD the superpofieil 

strata. — Yes. Sir. I do. But why is it that the 
limestone beds ai-e not alike fi-om top to bottom of 
Hie quairy, aud that there are. as yoii lold us, aeve- 
ral slmtai' I. It is very probable, my cbild, lha( 
dwing this uprising of the bottom of the sea, the 
rivers and currents did not always briny along with 
Ihem lite same kind of matter, and did not deposit 
tlieir sediments in Uie same- place. For wo eau our- 
sulvus observe similar, though smaller changes, the 
waves depositing allernalely oa the saiue.jiart of the seii- 
wiiorc line siind ui- large peblilos. 

07. FuHHJU. — Meie than this. 2. During llie 
immense length of time lUat this upheaving cou- 
tintied, even the nature 
of animals has changed. 
In the same place, but at 
a ditTerent height, the spe- 
ciea, or rather their re- 
mains, are not alike. In 
our qiiarrv we iind not only 
oysters hut ai.'<o many 

other kinds of marine ric. an — a few fDs.=U» 

molluscan shells (ftg. 30 ■- 

3. New in the upper strata these losells, as they 
are called, difl'er notably from those found in the 
lower. 
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08. Ri^kI divlHions of HtratiOed 

1. We must iben divirle such rofiks not only accord 
ing to the nalurv of their component stones, btt 
also, and especially, according to the nature of tH 
fossils found in litem. Kor at neaside places, kI i 
great distance from each other, floiii<>timcs cl&yey m'' 
ataocus aro to Ld met with, someliraeB calcareous < 
poails. Only the inbahilants h^ing thii same, the ebfA 
are so also, and would foi'in the same kinds uf fosstti 
Thus on the opjiosilo side of the valley ', there is saa 
containing foasilB exactly the saiiifi as those found in th 
upper Btrata of our (juarry. We may hence conclut} 
that they have been dejiosiled there at the same perio 
generally speaking as those we found in t!ip stone-quarry 
89. Causesof th^movementsorihe ground 
— And now, Master Paul, does this satisi^ you!* i 
there anything else that puzzles you ? Yea, Sir, thsre it 
Ah ! What now? Well, Sir, I should like to know whi 
r;\n miivc- aud iirave up the I'Urlh so? It muat be ver 
heavy, and reqaire pro 
ilidous strength ! — Ah 
Ihis is really tliflicult I 
answer. And the moj 
learned know but liltl 
on the subject, and hM 
Ijeen reduced t 



ii' -i\ — tjiiiiiinfct probohte that the 

"'""*"' which thus gently 

!ituiv!!i iijihcaties Iha cruel of Ww earth, is the 
as ihut whicli accaaiont from time to lime e 
quakes Jfig. 31) in nojne parts of the world. 
ceutly, in 1881, one of these terrible commotions di 
strOyed the town of Chio", and killed thousands of i 
inhabitants. The poor dry land, in surh circumstani-.i* 
is about as much in motion as the heaving seas. 

3. Eurthquolcpji ore especially common in U 
vicinily of volcanoes. In South and Central Amerin 
for instance, or again in Asia Minor, and the south i 




nkes Ihe earlti r 



1 eirHiqiHkes? 



Wltopt; Thfl neiffLb During volcano p^nerally breaks 
out mlo eruption siraullaaeouslv Willi an earthquake 



uhen 

:.^ if 




TO haveallseen aketlle lid jum 

me waler boils too quickly. V 

the earthqiiake ^ .^-^ 

were the leaps "'^ 

of the lid, and 

the eruption of 

the volrano tli'> 

escaping of the 

Bte*iQ,rarryiug 

with it what 

happens to bp 

inside. Only 

it 19 on a larger ■ 

scale! 1. Aud 

then it is not 

a tittle boiling 

water' that is 

expelled, but _ 

imniense stones "^" "~ '""'^""' """""■"" ('"^-"isi •» tJuiuiUH- 

ihat arc projected, and enormous volumes of steam 

and lava, melted by the great heat of the volcano. The 

lava streams flow slowly over the ground, covering up 

and destroying everything they meet- 
Some volcanoes now extinct, vomited lavas, dilferpnt 

from those thrown up by volcanoes actually in activity, 

Those lavas are caned basalts and trackules. The 

different kinds o\' purjihyries have also been brought up 

out of the very bowels of the earth, and more or lens 

spread out ou the surface, 

100. Iifneuua anil AqaeoiiN RorkH. — 2. In 

short, vou see, my children, from what I have just 

been telling you liiat there are two sorts of rocks : 

1. iioc/cs ur soils formed by water, or Rocks of 

aqueous origin (from the Latin aqua, water) ; 2. ftochs 

formed by matter brouylit to a slate of ftaiun, by a 

very hiylt lemperature, or rocks o! igDeons origin 

(Latin : igni». Sire] 
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iOI. Salt Water Rocks, and Fresh ^WmUr 
R<>eks. — 1. Among the rocks of aqueous origin, 

some have been deposited by sea water, others by 
fresh water from large lakes. They can be distin- 
guished from each other by the fossils they contain. 
Those found in the former, have more or less affinity 
with marine animals still in existence ; while the latter 
are like fresh-water shells and fishes. There are also 
the remains of land animals. 

When an animal dies upon land, it becomes otUri- 
fied *, and in a short time nothing remains but the nones. 
These in their turn, attacked l)y insects, water, air, 
frost, and the heat of the sun, decay, and in no great time 
disappear also. K, on the contrary, the dead body be 
corned away by a river so as to fall into the deep and 
tranquil water of a lake, it sinks to the bottom and is 
covered up with mud : its bones become ^ mineralized 
{turned into stone), and remain as fossils when the 
waters of the lake disappear. iThis can alsa happen in 
sea water, but not so readily, on account of the constant 
motion of the waves, etc. 

2. Therefore, it is especially in fresh-water rocks 
that the remains of terrestrial mammalia* ^ of birds, 
and reptiles*are found. 

3. It is easy to understand that no fossils are found 
in Igneous rocks, since they have extruded from the 
burning depths of the earth. 

102. Order of superposition of Roeks. — 4. 
People who study the history of the earth, and who are 
called Geologists (from the Greek, ^e, earth; logos, study), 
have distinguished, by the examination of fossilSy a 
great number of strata, to which they have given names, 
and which they have classed according to their relative 
ages. 

When one rock covers another, it is certain that the 
upper is of more recent formation, 

Aow, rocks lie disposed in regular strata, like 
leaves of books piled one on another. The oldest 



1. What distinction is made 
amongst rocks of aqueous origin ? — 
3. In what class of rocks arc fossils 
founff ? — 3. In what class of rof'ks are 



fossils never found ? — 4. By what 
moans have geologists classifted the 
dilTerent strata? 




coma rocks, maioubledlif depai^ted b„ 
water, in ivhich are to be found the remains of organisms 
of the animat and v^elable kingdom. 

1 . The viove ancient the soiln are, the yivaler avi- 
the di/Jerences belioeen the animals whose remains are 
fijund in litem, and l/iose tliat people the earth at the 
fifesent day. 

In those beds, immedistely ahfive the antinU wystal- 
line I'ouks. hut few fossils ave lo hB found; and tliosrt 
met with beionp; lo the most inferior groups of ihi- 
animal kinpidom. Then aa ibe strata rist* one over 
another, and as we near the present epoch, the animals 
appear more and more highly organized. Monkeys and 
men are ofiiuile recent dali'. 

Let UK unaetsland each otlier, howBvei' : ■■ recent » in 
i-e(card lo geological epochs, thev certainly are, that is to 
say, they appeared kal! Bui if we wished lo coiml by 
years, centuries, thousands of years, the length ol' lime 
since man evisled on the earth, we should find the task 
loo great and fhe length fif time incalculable. And in 
geology it is always lliiis. Oni' can say, this rork is of 
more reeeni formation than the one under il, and more 
ancient than rhat which isaltove; but at what epoch it 
was formed, and how long a lime its formation lusted, no 
one can tell. There are some limestones, composed of 
shells so very small, that the naked eye eannot discera 
them, millions of these shells existing in a cubic inch. 
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Vellhese rocks are in buds hundreds of yards thick, llfteSj 
tht-Q how many centuries muat have rolled by durinn 
the formation of such a deposit! I 

105. Pplncipal fomiations. — 1. Thus it is in 
the most recently formed rocks, which you will iindJ 
designated in hooks under the name of qaateraarfl 
I'oc/w, that for the iirst lime, remains of man or Iracesf 
of human industry are found. 

And a very poor industry this at hral was. Man i^| 
those times lived wild, in cavos along river banksJ 
hewing roughly silicious stones for weapons. 




D, elm II III enermov 

Be had to battle, even on what is now Europe^ 
ground, with elepluinls, mammoths (fie, 34}, rhinoca 
roses, tigers, and gigantic bears! Naked and ahaoi 
unarmed ae he was, he slew them and made food of thci 
flesh, utilising even their bones for the manufacture C 
various utimsils. All ihia took place thousands of y oar 
before history existed to record his life, his stmf^Icq 
and his victories. 
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"'i. Tn ttc parlier nr Tertiary epoch, the end of which 
saw inonkeys appear, perhaps even man, there were in 
Europe very large lakes of fresh walei', upon Ihe shores 
of which lived numbei's oi'mammoUa. widely difl'erenl 
from ihoac known in our day (fig. 35), Tne French 




1 



naturHlist Guvier', first gathered together and studied 
iheir honi'S, and thereby was ahle lo describe animals 
that had lived in those far-distant times. 

It is oo tertiary soil that London and Paris are huilt; 
and in this, great iiiiml)ers of /"ossvV .iliell" (fig. 36) are 
tn he found, similar to those existing at the present day 
in brackish and salt-water. 

2. During tho qjoch that preceded tliis, namely, the 
secondary period, groat pans of England and Prance 
red hv the sea. At thatlimo there lived in its 




. reptile cdled Ichllnjo^iauriis \i\g. 37), for in- 

atance, which is not unlike a whale. The remains of 
very few terrestrial animals have been handed down to 
us through these centuries, but strange are those few we 
know. Here is a flying reptile, something like a bat, 
ike Jiterodnctyle (fig. 38l. Otilyone bird of thai remote 
period is known, and it has teeth and a long articulated 
Uil like a lizard. 
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1. More ancient atiii than the precedine' are the 
primary rocks, C, of whicE the moat 
important for you to learn about are 
those containing coal, they are called 
coal measures. At this epoch, great 
forests covering wide extents of ground 
were buried, so to speak, under water, 
andthere, slowly transformed ioto coal. 
'''"(s^oTb"^"''''* You know that the principal coal 
mines' in England are those of New- 
castle, Lancashire, Yorkshire, btaffordshire, and Soulh 
Wales, in France those of St. Etienne in the department 
of the Loire, and those of the department du Nord, 
which last are in thn vicinity of the great Belgian 
mines. Almost everywhere, coal must be brought up 
from great depths, as the coal measures are so often 
covered by the secondary and even tertiary strata. 

Slates occur usually among rocks still older than the 
coal measures. 
This is all that need he said on this subject for the 

S resent course of lessons. I hope you have properly un- 
erstood all I have (old you, ao I will recapitulate ra- 

, 3. First, there, are the very ancient cryslaliine 
rockSf B, superposed in regular layers : then tocks 
of aqueous formation : primary, necondary, tertiary. 
Lastfy, the quaternary rocks, which make a category 
apart, and on nhich much might be said. 

104. ChitDgeB in the map or Elngland. — 
If I have made myself 'clearly understood, you should 
he convinced that since the origin of the world 
the aspect of the earth has undergone marvellous 
changes. 3. OcertW-f have taken the place of what was, 
in most cases, dry land. And what ts dry landnow-a- 
days rs, in moxt cases, what was the bottom of oceans 
that have been vpheaved. 

Practically all France and England have been sub- 
merged ', once or several times ; the sea encroaches here, 



I, Whjl is the epoch nhidi pre- I oni^ifDl? — 3. lias tba cartb ilvijs 




reeedeB tfaen* and sometiiues reiovailes ri;giouM ihat bad 
at Other times been lifted Hbove its level: I liPre show 
yoil two maps thai indicate the slate of laud and watej- 
tiiirinfi: the primary Ifig. 391, and the sccondurv epoL-h 
,ng.40). 

lOo. Ib there anything under the' aneient 
crystalline rocks V — And now has any one any 
othflr obaeryations to auLniit, or any other question to 
ask? What do you wish to sa^, James? 

Plpase, Sir, do the crystallme rocks go to the ven' 
hotfom of til'' <-!ivi]\. ni' is ihevi^ any linns; undfr ihenlV 
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Ah, you ask me gueslions that are hard to aHHwei 
What there is under these ancient rocks no i>ne evei na* 
able to see, aa I have already told \ou But the Tolianoet 
Mam to reach very far down into the eatih the lavas they 
throw out undoubtedly <ome fiom enormous depths 

In that case, the interior ol the earth would bo 
lava. — But, Sir, the lava is fearfully hot; how is il 
that il does not overheat all the earth so as to scorch our 
foel? And huw does it come to be so very hot? 

lOti. Central heat anil the crust of the 
Earth. — Well! be all (.■:iis. my child, and follow al- 
tenliveiy what I am going lo Icll you. 1. When a deep 
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hole is made in the ground, the deeper it is made the 
greater the heat is down at the bottom. 

1. In a mine of 3000 feet in depth it has been ascer- 
tained that the augmentation of heat was one degree 
centigrade in 100 feet. That makes 30 degrees for 
3000 feet. 2. If the same progression continues thus for 
300,000 feet, the temperature would attain 3000 degrees. 
This is far more than is necessary to melt lava, gra- 
nite, etc. 3. Serious investigations and study lead to the 
belief that matter in a state of fusion would begin at the 
depth of 150,000 feet, were not the pressure so great as 
to prevent actual melting. 

Is^w, geography has already taught you, and we will 
study this question also, that the earth is a globe 
whose diameter* measures about 8000 miles. 4. You 
see then that this globe is almost etUirely in a highly 
heated state, with but a little comparatively cold 
crust all around^ which crust does not represent 
more than the hundreth part of the total thickness of 
the globe. This is much less in proportion than the 
thickness of an orange skin compared to the orange 

The term ** crust of the earth ' is indeed only ap- 
plied to that part of which geologists have accurate 
knowledge. 

107 . Some explanations of the changes tbat 
the earth has underg^one. — It is very certain 
that there was a time when our earth was a ball of melted 
matter, still luminous*, something like red-hot iron. 
Gradually the earth grew cooler by turning and rolling 
through space, the materials became more compact, 
and a first crust was formed, composed perhaps of gra-- 
nite and crystalline rocks. When this crust by the 
progress of cooling grew thick enough to prevent the 
suriace from being burning hot, water was formed, and 
became seas and oceans, and the heat diminishing still 
more, living beings appeared. These oceans driven 
hither and thither on tne surface of the globe by the 
movements of the terrestrial crust, thinner and less solid 
than it is now, deposited the rocks of which I have 
spoken to you, and with them their fossil contents. 



1. In what proportions is the heat I what would be the temperature at a 
augmented? — 2. Reckoning thus, I depth of 300,000 feet? 
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The same thing continues to this day, only with less 
energy and activity as the thickness of the crust increases. 

During those periods long passed away, ereat move- 
ments took place in the ground, upheavals, depressions, 
fractures, or rents. In mountainous countries, the strata, 
deposited quite flat by the sea, were sometimes upraised 
to an almost vertical* position. The interior of the 
earth has, notwithstanding the crust, always been in com- 
munication with the outer parts. Melted matter has been 
thrown out, and is so still from time to time. At fir^t it 
was great quantities of matter such as the porphyries ^ 
that came to the surface through the thin crust they broke 
open. At a later period, sorts of chimneys or volca- 
noes threw out primitively basalt and now-a-days lava. 

This is the history of our Earth. It is no fiction in 
which imagination and invention play the first parts, as 
they have so often done in similar circumstances, but real 
history, of which science is as sure as it is possible to be 
about things no eye has seen, and on whicn oire can but 
reason. 



SUMMARY. — Rocks. 

1. Different kinds of stones (p. 120). — Stones may be 
roughly divided into two categories : 1 . stones liiat dissolve in acids^ 
giving vent to gas; 2. those that remain uninfluenced by acids. 

2. The former, among which are to be numbered chalk, lime- 
stone and marble j are designated by the name of calcareous stones, 
because when submitted to a very high temperature, they become 
lime (in Latin calx). 

3. The latter, the principal type of which is /lint, are for the 
greater part silex or rather silicious stones. They resist 'the action 
of fire, and are extremely hard. 

4. Clay is numbered among silicious stones. 

5. Stony mlxtares (p. 122). — The different kinds of stone 
are frequently mingled together. 

6. Marl is a calcS^reous stone in which exists a strong propor- 
tion of clay. 

7. Arable soil is a mixture of antmai and vegetable detritus, tiny 
calcareous stones, grains of silex and clay dust. 

8. Crystalline stones (p. 123). — Minerals are frequently 
seen under the form of crystals. There are calcareous crystals and 
silicious crystals. 

9. Calcareous crystals as well as gypsum crystals are of no 
value, because being tender, they are easily scratched and tarnished. 
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10. SUicious crystals are much prized in such as quartz or rock 
crystal, which is not very rare, and precious stones (rubies, sap- 
phires, etc.). 

It. The diamond, the most beautiful of all gems, is not a stone, 
it is pure and cnstallisod carbon. 

12. Oyntalline rocka (p. 123 and 126). — Crystals are some- 
times agglomerated, forming stones and even rocks. 

13. The granite upheaved from the bowels of the earth, is com- 
posed of three kinds of crystals : quartz, felspai- (which gives 
kaolin), and mica (of which the so-called gold potoder is made), 

14. Porphyry, which is also of igneous origin, is composed of 
crystals of felspar set in a fine paste of felspar. 

15. The basalt, of igneous origin, was projected from volcanoes, 
just as lavas are now thrown out of volcanoes still in action. 

16. Meiala and Coala (p. 127). — Metals are found under- 
ground, where they form veins. 

17. Coal is the residue of immense forests buried during a pro- 
digious number of centuries. 

18. Peat is a sort of very young coal, as yet unburied. 

19. Rocks (p. 129). — The limestones, the clays, the slates, 
the sandstones are not all mixed together. They are disposed 
more or less regularly in layers or strata. 

20. These layers, with the fossils they contain, have allowed a 
classification of the different rocks or soils to be established. 

21 . In the first place we must distinguish : 1 . the rocks of igneous 
{ignis, fire) origin; 2. the rocks of aqueous {aqua, water) origin. 

22. The rocks of igneous origin have been formed by matter in 
fusion at a very high temperature, thrown up from the very depths 
of the earth. They comprise granite, porphyries, basaits and 
other lavas. — No fossils are found in them. 

23. The rocks ot aqueous origin have been deposited by the water 
of the sea and also by fresh water. We distinguish among them : 

1. Primary rocks, above ancient crystalline rocks. At this pe- 
riod great forests that covered the ground, were submersed and 
slowly transformed into coal. . 

2. The Secondary rocks, superposed on the primary ones. In 
those days, the sea covered a great part of our country. Reptiles 
unknown at our epoch (ichthyosaurus and pterodactyle) bave left 
their remains in the deposits then formed. 

3. The tertiary rocks. In this period there Uved a great number ol 
mammalia very different from any existing at the present day. 

4. The quaternary rocks, in which, for the first time, human re- 
mains or traces of man's industry are to be met with, remains 
that were deposited on the soil of our country long before history 
existed. 

24. Movenieiits of the soil (p. 131). — The ground is ever 
in motion, continually being upheaved here and sinking elsewhere, 
but so very slowly that the movement is altogether imperceptible^ 
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25. Things have always been going on thus. Therefore the dis- 
tribution of land and water on the surface of the globe has under- 
gone many great modifications. 

26 . Under the influence of pressure exerted from within, analo- 
gous to that which gives rise to earthquakes at the present day, 
the bottom of the sea has been upraised in certain places^ thrusting 
off in all directions^ the water the uplifted bed could no longer 
contain. Elsewhere the soil that emerged from the waters sank 
down, and was covered over by the waves. 

27. But what an immense length of time rolled by during these 
changes ! Centuries that look so long, are but as minutes compared 
with these prodigious periods. 

28. In our days similar phenomena take place on the coasts of 
Norway and Sweden : the Swedish coast is sinking, whilst that of 
Norway is rising; the Baltic is becoming more and more shallow. 

29. Central heat and the crust of the globe (p. 141). — 
When a very deep hole is made in the earth, it has been remark* 

ed that the temperature gains at least one degree of heat every 
time the hole has been deepened 100 feet. So at the depth 
of 300,000 feet, the temperature would attain 3000 degrees cen- 
tigrade. This is more than would be necessary to melt lava, 
porphyry, etc. 

32. This leads to the conclusion that the whole earth is, inter- 
nally, in a highly heated state, and that the comparatively cool crust 
upon which we dwell is, in proportion, much less than the thickness 
of an orange skin in regard to the orange. 



SUBJECTS FOR COMPOSITION. 

1'* composition (p. 120). — Calcareous stones and silicious 
stones. — Action of acids on both. — Gypsum. — Slate. 

2"' composition (p. 123). — Composition of arable ground. 

3^' composition (p. 124). — Calcareous crystals and silicious 
crystals. — The diamond. 

4'^ compcMiltlon (p. 126). — Granite, porphyry. — Basalt. 

5*^ composition (p. 127). — Metals. — Coal. 

6'^ composition (p. 135). — Aqueous rocks and igneous rocks. 
— The order in \v hich the former are superposed. 

7*^ com|lasitlon (p. 138).-^ Fossils to be found in the different 
strata. ' ^. 

8*^ composition (p. 130 and 142).— Movements of the ground. 
-^ Central heat and the crust of the earth. — Changes in the dis- 
tribution of land and water. 
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108. We will, to day, begin the study of the physical 
sciences. Under this designation are comprised : Phy- 
sicSy Chemistry y and Physiology, These sciences are 
very important, extremely interesting and curious, and 
also very different from all we have hitherto studied. 

As in the pursuit of these sciences experimental inves- 
tigation is frequently necessary, they are also some- 
times called experimental sciences. 

i09. Observations and £xperimento. — The 
first thing I must explain is what is meant by the word 
experiment. See, here is a bit of wood. I throw it 
into the water. Thereby I ascertain that it floats ; and 
the fact that it does so, leads me naturally to the conclu- 
sion that the bit of wood must be lighter than water. 
I then fix weights to it, and take note of the quantity I 
must add to make it sink and be as heavy as water : this 
is an eocperiment. Again, I put the wood in the fire, 
there you see it burns, gives off flame, smoke, and 
leaves charcoal : this also is an experiment, 

iiO. Physical Eixperiments and Cheilii- 
cal Experiments. — The chip of wood I threw into 
the water a little while ago, once taken out and dried, 
regained its primitive condition, nothing was changed 
in its composition; this is an example of a physical ex- 
periment. But now that it is burned tnere are no 
means of restoring it to its original shape ; and yet it. 
has not disappeared, for were we to weigh the chai^ 
coal, the smoke and something else I w^jHtell you 
about afterwards, we could find the exajpfeight of 
the bit of wood; but the nature of the wooois totally 
changed : we have this time made a chemical ea>- 
periment. 

Now let me see if you have perfectly understood what 
I have been telling you. Tnere, George, I have put 
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some salt in this glass of water (fig. 1). What will he 
the result? The salt will melt away, Sir. Say rather it 
ivill dissolve, the expression is more correct. But, tell 
me, have I made a chemical or a physical experiment. 
A chemical experiment, Sir, as the salt has disap- 
peared. No, my child, think again, the salt has not disap- 





Fi^. 1 • — The salt has not disappeared Fig. 2. — Iron dissolved in sulphuric 

m the water; it has only changed its acid becomes another body: 

appearance, for it can be found a^ajn sulphate of iron, under the form 

in evaporating the water (physical of green crystals (chemical expe- 

experiment). riment). 

peared ,- it has only changed its appearance. The 
proof of this is, that the water has tne taste of salt; 
moreover, if we pour the contents of the glass into a 
plate, ana put the plate on the stone, the water will eva- 
porate ; when the evaporation is complete, you will find 
upon the plate crystals of salt, just as they were before 
the experiment. 

Now here I show you a glass containing oil of vitriol, 
or as chemists say, sulphuric acid, into which I put in, 
as you see, a few Bits of iron wire (fig. 2) ; some of these 
seem to dissolve as the salt did in the water. Only you 
see that the liquid instead of remaining colourless* as it 
was, becomes green. Then if you allow it to evaporate 
as in the preceding experiment, you will find that there 
remain not bits of iron, but beautiful green crystals. 
In this case the sulphuric acid and the iron have both 
disappeared, and a new body has been formed, which 
on account of its origin, chemists have called sulphate 
of irony and others green vitrioL 

1. To sum up what I have been telling you, I should 
say then, that physical experiments make no alte- 
ration on the nature of bodies, whilst chemical expe- 
riments thoroughly modify them, and thereby give 
rise to new bodies. 

1. What is the character of physical experiments ? — What is the character 
of chemical ones ? 



I THE THREE FORMS BODIES ASSUME.. 

111. Solid, liquid, and gaseouB fomis. — 1. 

You all know' that there are solid as well as U- 

3nid bodies. A solid body is more or less hard or 
ense, and has a definite shape of its own; a liquid 
has no shape of its own, and is a fluid, that is to s^, 
it will flow away unless enclosed in a Tossel made of a 
solid body. 

Bodies also assume another form, of which it is more 
difficult to give you an accurate idea; namely, the ga- 
seous form. An experiment will afl'ord you more en- 
lightenment on the subject than a great many explana- 
tions. 2. See here is an empty glass. Holdmg It 
upside down, I plunge it slowly into this other larger 
vessel, which is almost full of water (fig. 3), j^You see 




wilh'aLr. n^icti is 

that the water does not fill the glass, and that above 
the level of the water, there is a space apparently 
empty. If you now incline the smaller glass to one Blde,a 
big bubble will escape, and the water will rise in the 
glass higher than beiore. What escaped in the bubble 
was air, or gas which was imprisoned under the glass, 
although like the air that surrounds us, it is invisible. 

3. All bodies can successively assume three forms : 
solid, liquid, and gaseous. 4. This is very evi- 

1. What are the three farms bodies i prayed 7 — 3. Cao all bodiu tsniw 
sSBuniB? — 3. By vbai eiperimenls Ihe three forms? — 4. ProTe it, bj 
can the eiieleoce of gae be osil'j I Uking water ai an onmpla. 
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'-3fet in the case of water, which freazea into ice under 
tke influence of cold, and evaporates in steam [or gas, 
which is the same thing) under the influence of heat. 
But this property is common to all liodies, only under 
a greater intensity of cither cold or heal, 1. Here is 
a bit of zinc that I haye put in a shovel over the fire 
(fig. 4), see it rapidly beeoniea liquid, and were tho heat 
strong enough it would soon disappear in gaseous va- 
pour. Gases on tho contrary are fiquified ', and litjuids 
arc aolidified by severe cold. Quite recently even air 
has been liquified and solidified. 

Kfi. Kvapopation and Ebullition. — The 
transformation of a liquid inlo a gas can be obtained by 
two difl'erenl processes. 2. Hure are a few drops of 
water on a plate (Kg. 5) ; in a short time they will have 
disappeared, and the plate 
will liQ dry : this is ' 
result of evaporation. 

3. So much fori 
cesa; let us now pi 
the other. Hero 




— TliD wnter iu Iho pan pins ull 



full of water which I have hung over the fire [fig. 6). 
¥our.an feel with your finger that the water is Beiiig 
heated; and you can also observe that the warmer it 
becotnes, the greater is (he quimtily of steam given oJf. 
At last the water'begins to hoil; that is to say, it giv<?s ofi' 
^uds of steam. — After a white the water lins all 
diaapjiearcd : this is ebullition. Thus ebullition is a 
forced and viok-nt evaporation, instead of the slow 



i' toint liDc. — 1. Glvs I 3. Gire m c 
if Mjc irniiBlormDlioii ot I amlioa ul a 
I go by enporslion. — I ebullllioB. 
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and almost invisible process we observed in the first 
case. 

ilS. Distillation. — Now look at this. 1. Above 

the boiling _pan I hold a cold plate (fig, 7). The steam 
on coming in contact with the plate cook, and as you 
see becomes water again. The water thus obttdned is 
perfectly pure, it is called distilled water, all its im- 
purities nave remained behind, in the pan. 2. The 
proof that distillation purifies water, is given b^ the fact 
that if you boil salt water, tha product of the distillation 
of this salt water is perfectly tasteless. 3- Distillation 
has then a twofold result. It first transforms liquids 
into vapours by heat; and these vapours are re-liquified 
by cooling. 

114. Compressibility of gases. — A little 
while ago, in order to prove to you the existence of gss, 




I made a simple experiment which teaches us something 
very curious about the properties peculiar to gases. Let 
ua then apply once more to our little glass, and invert it 





as ieForp into a glass vessel full of water, pushing it 
straight and slowly lo tie very bntonj. When the gkss 
at first touched the aurfate of ihe water (fig, 8), you 
know it was full of air A ; but now that I have pushed 
it down to the bottom (fig. 9|, the air evidently occupies 
less space B. 

1. This proves then that air can he easily com- 
pressed. 3- On the other hand, when you withoraw the 
small glass from the water, the air it contained expands 
with equal facility. 

Ilo. CompreBsihility of liquids and so- 
lids. — All gases are, like atmospheric air, very easily 
compressed* and as easily expanded". 3. But it is alto- 
gether different in the case of liquids and of solids. Ei- 
traordinary force is required to compress water, and 
greater force still lo compress soJiWs; we may even say 
that they are almost incompressible. 4. When people 
speak aloul compressed hay for instance, you must not 
imagine that it is the hay itself that is compressed, 
that would be impossible; the stalks of hay are merely 
pressed more closely together as the air that lay between 
ihem is expelled. 

S. But feats that defy the most powerful machinery 
(namely the expansion and compression of hquids and 
solids), can bemos( easili/ accomplished by a Utile heat 
or a lUlle cold. 


II - HEAT. 

lie. Expansion of bodies. — 6. When healed, 1 
solid, liquid, or gaseous bodies expand; that is lo J 
say, they occupy a greater space than before. 7. In- J 
verselv, when coaled they COQ ract. fl 

Look (tig. 10) at the whec wrighl when he puts an 1 
iron hand round a -nheel ; he makes the iron ring slightly ■ 
narrower than the circumference of the wheel, then puts ■ 


t. What lakn plaue vhan air ii 

MtiinllUd lo r.la«d prcsaorr?- 
1. Can Mild, icd liquIHa U m 


plari wlieu hay a comprasud? -. ■ 
G, IJ»» can solids and liqulda ba ■ 

B. Whit U Ibo tKwl oI l»»l PB ■ 
iolid., liquids or gate.! - T. Whal ■ 

iiltaetilKKireoldT ■ 



it into a larce fire. 1 . The heat causes the ring to erpand, 
30 as to allow the wheel lo he placed within it : then it 
is cooled, when ihe iron coatracla and causes the ring to fit 




?ig. 10. — Cartwheel, I Under the in IliieDCe oF bul, r In cooling, the band 
with a band of iron the iron band enlarges canlraeu. 

round it. | or Ksponilj. [ 

oO tightly to the wheel that there is no need for nails to 
fix it This is a striking example of the application 



of heat to solid bodies. 





nuen"a JVlC'^^Mi 
mounts lu D (eipansioo of descend from C lo D (eipaDnion ol gas), 

liquids). 

Here now I show you a small bottle BA (fig. 1 1) filled 
i. Oive Di« la eiample showing Ihe eSect o( heal on solid bodid. 
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with a coloured liquid ; it is surmounted by a glass 
tube D, open at botn ends, the liquid rises in the tube to 
a certain neight. 1. I immerse the bottle in a vessel G 
containing very warm water; immediately you can see 
the coloured liquid rise in the tube D by the effect of the 
expansion caused by heat. 

Again, I put into a glass of water (fig. 12) a tube AD 
closed at the upper end A, open at the lower, and full of 
air : the water of the glass rises in the tube to a certaim 
height G, which I mark with a stroke of a pen. 2. This 
done, I apply to the upper part of the tube the heat of a 
spirit* lamp, immediately tne water sinks in the tube, 
to D : why so ? Because the expanded gas takes up 
more space. 

117. Chang^e in volume caused by chang^e 
oi form. — 3. Heat is necessary to cause a body to pass 
from a solid to a liquid state; and still more heat is 
required to make it pass from a fe'^mrf to a. gaseous state. 

4. As heat brings about expansion, a solid body 
will increase in volume by assuming a liquid form^ 
and the volume loill again increase in becoming gor- 
seous. — 5. Inversely, a licruified* gas occupies less space 
under its new form ; and tnis is generally the case when 
a liquid is solidified. 6. Water, however, is an excep- 
tion to this general rule ; its volume increases in be- 
coming solid, in becoming ice. 7. And this is the reason 
why, when severe frost sets in, it is necessary to empty 
all reservoirs in which the water would be apt to freeze, 
else they would inevitably burst. The force thus de- 
veloped is prodigious, for were a bomb* to be filled 
with water, the expansion produced, were the water to 
freeze, would rend it to pieces. 

8. When stones are not very dense, and contain a cer- 
tain q-uantity of water, this latter being liable to freeze 
in cold weather, they are often splintered and broken 



1. You have a tube half full of 
water, heat it ; what will happen ? — 
2. You have an empty tube closed 
at one end, plunge it into water by 
its open extremity, heat it, what 
will happen ? — 3. What must be done 
to cause a solid body to pass into a 
liquid state? From a liquid state into 



a gaseous state? — 4. What is the 
consequence? — 5. What are the 
inverse consequences? — 6. Is it the 
same with water? — 7. What pre- 
cautions ought to be taken with 
reservoirs when winter arrives? — 
8. What is the effect of frost on stones 
that contain water ? 

1. 
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to pieces, i. From a similar cause, damp earth is 
raised up and crackled over during winter when there 
is no snow to cover it, just as the hark of trees is some- 
times rent open. 

118. Force of expansion of solids and li- 
quids. — From what I have already told you, you may 
easily conceive that the force developed by bodies when 
they expand under the influence of heat, or when they 
contract under the influence of cold, is something 
extraordinary. I will endeavour to give you a still more 
accurate idea of this. You see this little iron rod I 
have in my hand; it is about 1/3 of an inch thick. 
If plunged in water at freezing point it would be ten 
inches long : in boiling water it would lengthen about 
the sixtieth part of an inch; this looks very insigni- 
ficant indeed. Well, as insignificant as it is, if you 
wished to prevent this expansion, you would require to 
put upon the end of the rod a weight of 7500 pounds : 
you would never have fancied that I am sure. 2. There- 
fore when metals are used in buildings, they m/ust he 
arranged so as to have some tvorking room, otherwise 
the shortening and lengthening caused by the changes 
of temperature would dislocate the whole construction. 
So much for the force of cold and heat. 

119. Temperature. — But what is cold, and what 
is heat? Ah! this is far from being easily understood. 
You must know however, in the first place, that heat 
and cold are not two different things : to cool a thing 
is not to add cold, it is to take away heat. When a 
thing is warmer than our body, or as we ought to say, 
when its temperature is higher than that of our body, 
we say, it is warm; if its neat is less, or rather if its 
temperature be lower than that of our body, we say it 
is cold. 

120. Measures of temperature. — We can 
easily distinguish, by feeling with the hand, not only a 
cold body from a warm one, but also different degrees 
of heat and cold. Here are two vessels, in which I 
have made water boil ; one has been taken from the fire 
five minutes ago, the other about a quarter of an hour 

J. On the earth? — On trees? — I taken in buildings against the ex- 
2. What precaution ought to be I pansiou kA met&ls? 




T^ 



since; dip your finger in bolh, you will feel that one is 
mucli hotter than (lie other. Here are two others, 
takeo off the fire, one an hour ago, the other two hours 
ago ; they have lost so much heat ihal bolh are cold, but 
the latter seems still colder than the former. It is then 
possible merely with one's hand lo appreciate, by com- 
parison and tolerably well, the temperature of bodies. 

Only, as you can easily undersland, this is not always 
eufficient. First, because one. might he mistaken, fur- 
ther, how could the degree of heat be accurately es- 
pressed? Thia body ia not ao warm as that; but bow 
much leas? Is the body I touch at the present moment 
warmer or colder than the one 1 touched eight days ago ? 
I have certainly quite forgotten. And yet were it neces- 
sary to know it, what could bo done? Is it warmer to-day 
than it was this day last year. You do not remember, 
neither do I. For all that, it is sometimes very useful 
we should know such things. 

iSI. Thermometers. — For this purpose instru- 
ments have been invented ; and those instruments not 
only measure heat more accurately ihau the hand can 
do, they also give indications that can be kept in mind 
or noted down. 1. The instruments I allude to, have 
been called Thermometers (from two Greek words ther- 
mos, heat, and melrun, measure). 

The lirst idea that presenled ilself was that heat might 
be measured by the expansion of bodies. Here is a bit 
of iron wire, it will lenglhen slightly if I heat it in my 
hand; if I plunge it into boiling water, it will lengthen 
more; and still more if I put it in the fire. Were the 
value oT these three changes to be measured, we would 
have the exact indications of the degree of heat given by 
the hand, the boiling waler, and the fire ; only these va- 
riations in length are not sufficiently perceptible, be- 
cause the body acted upon ia a solid. 

Liquids expand to a nuch greater extent, and are be- 
sides more easily bandied. They are therefore preferred for 
the construction of thermometers. It was a sort of ther- 
mometer wo made, a litlle while ago, in our experiment 
with a glass lube full of liquid set in a bottle of water. 
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But now we shall take a proper one, that has been made 
for that purpose alone (fi^. 13). At the extremity of the 
^,^ tube of tnis real thermometer, we find 

(instead of a bottle, as we had in our 
-^EJ! experiment) , a somewha't lengthened hol- 

low bulb; instead of water it contains 
mercury*. The tube is fixed upon a 
board with numbered divisions. As 
we have no use for these divisions, I will 
separate the tube from the board. 
\Ve must remark in the first place, 

the height of the mercury, and marK it A 

Fig. 13. — Thermo- (fig. 14). Now I have plunged the tube 
meter with mercury ^to ^ fflass of cold Water, the mercurv 

mounted on a scale. • i i^ i ' • .t i -r/ 

Sinks down and stops at apoint I mark B. 
I now take the bulb of the tube in my hand (fig. 15) : 
the mercury immediately rises again, and stops still at a 

!)lace I mark G. James, put the bulb in your mouth 
fig. 16) : the mercury still rises, and comes to a stand 






Fig. 14. — In cold water 
the mercury in the tube 
contracts and descends 
from A to 13. 



Fig. 15.— The heat of 
the hand causes the 
mercury to rise 
from B to C. 



Fig. 16. — The beat of 
the mouth causes the 
mercury to rise from 
C toD. 



at the spot I mark D. The distance between BA, AC, 
CD, indicates the differences of temperature that exists 
between the air, the glass of water, the palm of my hand, 
and James's mouth. The glass of water is colder, my 
hand and James's mouth are warmer. 

George, in your turn, put the bulb of the thermometer 
in your mouth. Do not laugh, else you might break (he 
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tube. See the mercury rises, and stops short exactly at 
the same place as when it was in James's mouth; this 
proves that your mouth and his have the same tempera- 
ture. Now take the bulb in your hand; ah ! the mercury 
faMs lower than the mark G, that signifies that your hand 
is colder than mine ; but this is not astonishing as you 
have just taken it out of cold water. 

1 22. Graduation of the thermometer. — We 
are now in possession of an instrument which will enable 
us to com/pare the temperature of bodies. Only were an 
accident to happen to our instrument, all our observa- 
tions would be lost ! Of course we could easily recon- 
struct another, only there would be no means of com- 
paring the new with the broken one. So all previous 
observations would be worthless. 

This then shows the necessity of marking off all 
thermometers in the same manner, so as to be able to 
compare them, with one another. For this purpose, as 
you can easily understand, it was impossible to take the 
temperature of things at random . I will explain to you 
how this difficulty was overcome, and you will see that 
the plan, although a very 

simple one, hasbeen the ft ^1 

cause of new discoveries. 

Let us again take the 
thermometer we have se- 

rirated from its scale, 
have here a bit of ice, 
already half melted in 
the glass. Now plunge 
the Dulb of my thermo- 
meter into the water of 

the melting ice (fig. 17). Fig. 17. — Ther- Fig. is.— Thermome- 

1. 1 see the mercury falls ?;rtw«W. t:^Ta!S^'-Tt- 

and stops still at a certain Temperature : 0*. perature : 100*. 

place A. Well, all the 

time that the ice continues to melt, the mercury will 
remain at that very spot. This is one precise spot 
easy to be found wherever a bit of ice is to be had. 
2. In the centigrade thermometer ^ used on the Continent 



^4J^''- 




l.If I plunge in melting ice the bulb I what will happen? — 2. In French 
of a thermometer with mercury in it, I thermometers what is called zero? 
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and often also in England for scientific purposeSy this 
precise and invariable spot corresponding to the 
temperature o/" MELTING ICE or FREEZING WATER 
is called Zero. 

1. I nowputthe bulb of the thermometer into boiling 
water (fig. 18), the mercury rises rapidly and stops at a 
certain place. I will mark this B. All the time the water 
continues to boil the mercury will not move from 
this point. This is another precise and invariable spot, 
guite as easily found as the first. 2. In the centigrade 
thermometer this nlaee corresponding to the tempera- 
ture of BOILING WATER is marked by the num- 
ber 100. 

3. The distance between 1 and 100 is then divided into 
one hundred equal parts (fig. 13). 4. Each of which 
is called a degree. 

Fahrenheit's thermometer is not divided in the same 
manner ; the zero of its scale is 1 7 degrees centigrade at 
the freezing point, and the number 212 indicates boiling 
water. 

As our thermometer is already graduated, were I to re- 

fister it in the air, in cold water, in the hollow of my 
and, in my mouth, we should find that the mercury 
stops successively at' the numbers 15, 10, 25, 38. This 
shows us that the temperature of the air is 15 degrees 
(it is written thus 15*^), that of water 10°, my hand 25®, 
and of my mouth 38°. 

All these degrees are above zero. But in winter the 
column of mercury often falls below the freezing point, 
as the ice does not melt. Therefore equal divisions 
similar to those of the upper part are inscribed on the 
tube, marking the degrees behw the freezing point. 

We have now finisned with the thermometer. But I 
have still something else to tell you about heat before 
leaving the subject. 

125. Conduction. — George, put your hand into 
this basin of water that has been upon my table since 
morning (fig. 19). Is the water at the same tempera- 



1. I place in boiling water the 
tube of a thermometer with mercury 
in it. What happens? — 2. In centi- 
grade thermometers what signifies the 
mark ioo**? — 3. la how many parts 



is the tube divided between the o* of 
melting ice, and the 100* of boiling 
water? — 4. What name is given to 
each of these parts? 
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ture as the air? — No, sir, il is colder. — Try with the 
thermometer, — The iherraoraeter marks 15" in the 
air and in the water. — Then you see you were mis- 
taken : the temperature of the liasin of water is the same 
as that of the surrounding air, and jet the water seems 



'^^m 



Fig. ao. — Chorooal being ■ I 
tny lingers, allhongb Ihe one 



colder. Put your hand on this marble slab, then on 
the table: the marble will seem to you colder than the 
wood, and yet it is not so. What can be the reason of 
this. 

1. The reason in, that the tnarble being a belter ccm- 
duclor of heat than the wooden table, more heat is ab- 
sorbed from yov/r hand, and thus a greater sensation 
of cold is produced. 

2. Hera is a bit of charcoal, lighted at one end, A 
(fig. 20). I can hold il in my hand, although my fingerB 
are but a short dislance from the burning pari ; yet it does 
not burn me in the least. WhjV Because charcoal is 
what is called a bad conductor of heal. 3- On the 
contrary, if I put into the fire one end of my iron tube 
[tig. 21), the whole tube becomes hot, and although it is 
nearly 10 inches long, I can scarcely keep my hand on 
the other end of it. And that is because iron is a 
good conductor of heat, for it allows heat to nass ra- 
pidly through its substance so as to reach my lingers. 

To give you a striking example of the difference be- 
tween a boay that ie a good conductor of heat and one 
that is a non-co7iductor, I will show you a very simple ex- 
periment. Here is a playing card (fig. 22[ upon which 
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I have flattened a little bit of tin foil. I hold the card 
above a gas burner or over a small lamp. See the 
tin paper melts, and yet the card does not take fire. 
^, The tin, a good conductor, absorbs all the heat, 




whilst the card, a non-conductor, does not keep 
enough to take fire. 

2. Metals are vety good conductors; stones are 
less good, and wood still less. 3. Air itself is a non- 
conductor. Therefore our clothes preserve us from 
cold for two reasons. 4. In the first place thej are 
composed of fibres of cotton, of hemp, of Qax, or 
threads of wool or silk, all of which are non-con- 
ductors of heat. Further and above all, between the 
filaments of each tissue, and between the differenta parts 
of our clothing, there is a certain quantity of air: this 
air is but slowly heated ; only when it is once heated it 
remains so, thus protecting ua from outward cold. 

Water being a better conductor of heat than air is, 
you can understand why you felt it cold when you 
plunged your hand therein. But once your hand wbb 
withdrawn from the water, did it get warm again im- 
mediately? — No, sir, / think I felt U colder than when 
in the water. — Ah ! that also demands an explanation. 

184. Heat absorbed in evaporation. — 5. I 
' showed you a few minutes ago that in boiling water, 
and during all the time it boils, the iha-mometer 
indicates the temperature of 100" centigrade; in other 
words, the temperature remains constant. And yet we 

1. What takes place in Ihe' card | t. Wby do our clolhia proUet u 

eiperimenl? — S. Whal do you from the told?— 8. Wh»t Eg Iha 

know ot Iha conductibilily ot metals, Umperalnre of boiling mtet ii 
sloaes and woodt — 3. Of air? • 
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added heat, for the fire continued burning under the 
pan. What became of all this heat? 

This is not easily understood. 1. All I can say upon 
the subject is that this heat has been employed to make 
steam; the proof of this is, that if you prevent the forma- 
tion of steam, by hermetically closing the pan, the tem- 
perature of the water goes beyond 100°. Now do not 
lorget this : in order to produce vapour, in other 
words, to transform a liquid into a gas^ heat is 
necessary. 2. There was water on your hand a 
little while ago; and to dry that water, to allow* it to 
become gas, heat was required. Where was this neces- 
sary heat to be found? In your hand, which in conse- 
quence was cooled. 

And where does all this vapour go ? Into the air 
But it is not visible. No, because it 
is quite transparent, nevertheless it exists. 
Here is a bottle just brought from a cool 
cellar (fig. 23). The vapour of the air 
has condensed upon the tottle in minute 
drops of water. Where does this water 
come from ? Not from the inside of the 
bottle I should fancy. 3. No, from with- 
out, from the air : it was then in the state 
of vapour; and as the bottle was colder 
than the surrounding air, the vapour be- ^*f;pour"of^he 
came water by contact with the bottle, or air is condm- 
as we should say, it condensed. It is also bouie In drops 
distilled water. But wait till the bottle of water. 
is at the same temperature as the air of the 
room, the misty appearance will pass away, the water 
will have once more evaporated. 

125. Poiivep of boilings li¥atep. — I have just 
told you that if in heating water, you prevent the forma- 
tion of steam, the heat of the water goes beyond 100°. 
4. The simplest way of preventing the formation of 
vapour is to heat the water in tightly closed vessels. 

But the vessel must be very strong indeed, else it 




1. Seeing that the fire continues 
beating the saucepan, what becomes 
of the heat? — Proye that heat is 
employed in making steam. — 2. Why 
18 a sensation of cold felt, when a wet 



hanH is dried in the air? — 3. Why 
is a bottle that has been brought up 
from the cellar, covered with vapour? 
— 4. By what means is the vapour 
or steam prevented from forming? 
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would soon be shivered in pieces. 1. For the vapour 
of boiling water has prodigious force, I have here a 
tube of zinc A (fig. 24) which contains a little water, and 
which is well corked. I hold it with the tongs over 

the fire. The wa- 
ter of the tube soon 
reaches the boil- 
ing pointy and this 
is no sooner at- 
tained than the 
cork is violently 
expelled with a 
loud report. 

If, instead of 
corking the tube. 

Fig. 24. — The force of the yapour imprisoned in the t l.o/1 oVinf it «nfl« 
tube A causes the cork to Oy out. ■*■ ^^^ ^wlJ. U WIUI 

a lid, closely fit- 
ted and firmly fixed, the temperature of the water would 
have increased, and the steam would have then acquired 

freat force, and in a short time the tube would have 
een shivered to pieces. 

When water in a closed vessel, reaches a tempera- 
ture of about 121 degrees centigrade, the pressure of the 
steam generated is equal to that of 30 pounds on the 
square inch. 

2. It is upon this principle that steam engines act. 
The water is made to boil in closed tubes, in which 
the steam produced acquires enormous force. This 
steam is then allowed to escape in a certain direction, 
and can according to circumstances lift great weights, or 
put into action great wheels, etc. In another course of les- 
sons we shall further speak of this admirable invention. 
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1. Physical experiments produce no alterations in the nature of 
bodies: chemical experiments totally change it, and give rise to 
new bodies. 

2. The three states of bodies (p. 148). —There exist solid 

bodies, liquid bodies, and gaseous bodies. 

1. What property does the steam i an admirable invenUon tbat resDlts 
of boiling wator possess? — 2. Name I from this property. 
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A pebble is a solid body, — water a liquid body — air a gaseoas 
body. 

3. Most bodies can saccessively pass through these three states. 
Thus ice (solid) becomes water (liquid), then steam (gas). 

Another example : Zinc, which is a solid metal, becomes liquid 
by melting over the fire, and is changed into a gaseous vapour if 
the fire be very strong. 

4. Bvaporatlon, ebnllltloii, dlstillatloii (p. 149). — The 
rain that wets the highway is dried by evaporation, 

5. The water that boils in the kettle sends forth vapour by 
^mllition. — So ebullition is very rapid evaporation. 

6. The water obtained by cooling steam is distilled water. 

7. Oompresslom and expansion (p. 150). — It is said that 
a body is compressed when it is forced to occupy less space. 

8. A body is said to expand when it occupies greater space than 
it did before. 

9. Gases are very easily compressed and expanded; liquids «ind 
solids are almost incompressible by ordinary means. 

iO. Expansion and contraction (p. 15t). — What the most 
powerful machinery is unable to do, namely to compress or expand 
water or iron; heat and cold can accomplish with the utmost faci- 
lity. 

11. When a solid, liquid, or gaseous body is heated it ex- 
pands. 

12. When it is cooled it contracts. 

13. Gas occupies less space when it becomes liquid : and gene- 
rally liquid occupies in like manner less space in becoming solid. 

14. Water is an exception, its volume increases in becoming 
ice. This is the reason why in winter pipes and reservoirs burst, 
and some stones break from the same cause. 

15. Thermometers (p. 155). — One can measure the tempera- 
ture of a body, that is to say, its degree of heat or of cold, with the 
help of a thennometer. 

16. The invention of thermometers depends upon the property 
liquids possess of contracting under the influence of cold^ and ex- 
panding under the influence of heat, 

17. In the centigrade thermometer, the temperature of melting 
ice is marked by 0. 

18. The temperature of boiling water, in the same system, is 
marked 100. 

19. The interval is divided into 100 divisions called degrees. 

20. Bodies eondnctors of heat and bodies non-con- 
dnetors (p. 158). — Heat passes through the substance of bodies 
\sU\i greater or less facility. 

21. Some, such as iron and other melals, conduct heat with great 
ease; these are called good conductors. 

22. Others, such as air, wood, charcoal, conduct it with less 
facility : these bodies are said to be bad conductors. 



33. Water made to boil id lightly closed vesBelB acquires a verj 
high temperature, and gives origia to Bteam having very great 

power. This power is utilised in sleam engines. 



Ill - LIGHT. 

f SO. Luminous p&ys. — Where does heat come 

from, George ? — From the fire, Sir. — Yes, in a room, 
but outside? — Ahl outside, from the sun. — Very 
well, but do the lire and the sun give heat only? — Nol 
they also give light. — Perfeclly so. Well, as heat 

' ' s accompanies light, it wilfbe easier to see how 

heat proceeds in examining 
it with the help of light : 
for it is easier to follow out 
an observation with one's 
eye than with a thermometer. 
1. In the first place, light 
always moves in a straight 
line. See, in the room off 
— the schoolroom, the sun is 
raigbi striking directly on the' 
closed shutters (fig. ib). 
Only as there are holes in the shutters you can observe 
that from each hole ihere starts a luminous line in which 
dance myriads of tiny specks of dusl. 2. Place your 
hand in one of those lines, and you will nave a sen- 
sation of warmth. This proves once more that heat 
accompanies light. 

f %7. Dark room. — But this leads me to show 
you a very curious phenomenon. Paul, go into the 
dark room and place a sheet of white cardboard C 
(fig. 26), on the line of yonder sunbeam Ao, B6, etc. 
that shines through the hole of the shutter. Look. 
All the objects outside are distinctly figured _upon the 
pasteboard. Here is the pond beside James's house, 
and the highway with a carriage on it ; only on the card- 





la down. Strange as this 
iplained. 
Ires, for inslanre, lumi- 



ImM^ every thing is seen upai 
may appear, it ia vory easily e 
From the top A of the poplai 
nous raya start 
oEf in all dirpc- 
tions ; but one 
only can pass 
through the filil.' 
hole, ao as ii 
reach the canl- 
board, at l)i<' 
pnint a. From 
the foot of (he 
tree another ray 
can pen el rate and 
reacnlhe point i). 
It is the same with all the points situated between a 
and h. So the poplar is seen figured head downwards. 
The same thinf^ happens, as you can easily understand, 
at all the other points of the landscape. 

128. Velocity of light. — Light moves wtlli 
extraordinary velocity. 1. It travels at the rate of 
185,157 miles in a second; it requires but about the 
seventh part of a second to go all round the world, and 
is only eight niinutua in coming from the sun to the earth. 
~"^4!89. Reflection of light. — Now be very allen- 
"^^ " '' s to catcJi the sun's rays, a small mirror 




de are dialiorilj flgnrfrl 
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room, a luminous spot A make its appearance. If I 
move the mirror, the spot moves likewise. 

This spot is formed by the sunlight falling upon the 
mirror, and then starling off again ; it is said to be 
reflected. Let us go into the dark room [fie. 28), and 
then catch upon the mirror the sunbeam that passes 
through the hole r of the shutter. It is reflected, tracing 
a radiant line in the dust of the air, and reaches the 
wall at A when I hold the mirror about straight; if 
I slightly incline the mirror, the reflected ray reaches 
the wall at B. There is, then, direct relation between 
the direction of the ray that falls on the mirror and 
that of the reflected ray. We will by and by learn to 
measure the value of this relation. 

This will explain to us how a mirror shows us our 

image when we stand in front of it; how our image 

(fig. 29) seems to be placed at the same distance behind 

the mirror as that which 

ti^fflf^ separates us from it, so 

■ W^ T that savages never fail 

n iji to seek behind the mi r- 

II ** ror tlie image they see in 

T -. it; how it is also that the 




image is turned in the opposite way, so that the right 
hand seems to be the left, and vice versa. Only in order 
to understand all this properly, some notions of geo- 
metry are necessary; therefore we will wait until those 
are acquired before proceeding farther in this direction. 
The mirror I used a few minutes ago is a common 
tinned ' glass ; hut some are made in polished metal. All 
smooth brilliant surfaces can serve as mirrors. Here is 
a glass of water (fig. 30). See, I hold it a little above my 
ojOj so as to look at the surface of the water from below. 



LIGHT. 



167 



It appears to me like a plate of polished silver ; look at 
it yourselves : you may see all the surrounding objects 
reflected in it just as you would see them in a real 
mirror. 

1. This will do for the present. We will now pass 
from this subject, namely the reflection of light, to 
refraction. 

f 30. Refraction of lig^ht. -^ Refraction is a 
word that means breaking. You will see that the word 
is perfectly suitable. 2. See. I have here a glass of 
water, ana into it I plunge obliquely a bit of straw 
(fig. 31) : the straw appears to you as if it were broken, 








Fig. 31. — The bit of 
straw appears to be 
broken in the water 
(refraction). 



Fig. 32. — The luminous ray is broken on entering 
the water, and causes the penny to be seen 
at A in advance of the spot where it actually is 
(refraction). 

and looks to be more horizontally directed immediately 
on entering into the water. You know very well that the 
straw is not broken, yet you can scarcely keep your- 
selves from thinking that it is so. 

And again another experiment will lead us to a 
similar conclusion. I have prepared for the purpose 
(fig. 32) a tin box, and put a penny in the bottom. 
Gome here, James, and stand so as to be able to see 
only the further edge of the penny. There now, I pour 
water into the box slowly and carefully so as to avoid 
displacing the penny. Tell me what you see? I see 
the penny apparently rise and move forward towards A. 
This happens because the rays of light from the penny 
are deviated or seem to be bent, just like the tit of 
straw a little while ago. 



1. What name is given to this 
property of light falling indirectly 
on the looking glass? — 2. What 



happens if I plunge obliquely a bit 
of straw into a glass of water? 



1. This is what is called relraction. 2. It takes 
place every time a ray of light passes obliquely from 
a transparent medium, of one density, to that of 
anothiir density, the ray heing bent in one direction when 
entering a denser medium, and in another when entering 
a rarer medium. Flat glass influences a ray of light in 
the same manner that water does. 

I put flat upon this book, a hit of thick glass (fig. 33). You 
can sec that the lines appear deviated, as the straw did. 



ncs appear 
bit of gli 



If I hold the bit of glass at some distance from the 







book (fig. 341, the deflection or swerve of the lines this 
time indicates two refractions. The first lakes place 
when the rays of light that come from the book pass 
from the air into the glass; the second when they 
repass from the glass into the air. 

131. Lens. — When a piece of glass is not flat on 
both sides, the deviations are much more complicated. 

Paul, what name is given to this bit of glass A 
(fig. 35] convex on both sides? — It is a maqnifying 
'■■■ -Soit is,3. but the ' 



tific name given to it is Lens, 
' ^' '" used, as its 



name, magnifying glass, indicates 
Fig,3s.-i>oub|fconMiens to maqnifu smoll objects. Take 

(rounded oa both sides), ^,- ■> ■"' ■ ,■' j, , 

this one in your hand, and took at 
the very fine print of this book. Well, what makes you 
look so astonished? — Why, Sir, because I see nothing at 
all. — Have a little patience : you must neither put the 







lens close to your eye, nor your nose close to the book. 
Look as you generally do, only throuKli the magnifving 
gksa, holding it at Cn-sl close to the book. Now lift it 
slowly upwards (fig. 36), while you 
still keep looking through it. There 
now, the letters jseem larger. Con- 
tinue to reinove the gl«8a; thej grow 
bigger still, and become quite dis- 
tinct. If vou still continue lifting tho 
glass iai-tberaway, you will see flitm 

?row dim and finally disappear. 
. So the proper distance must be F'S- '•> 
found out, and Ihe stronger the iens jV'ii 
the shorter this dislance is. The lens 
yon are using about doubles th« size of things, and 
must be hold at about an inch from the object looked at. 
133. Compound magnify- iiig glasses and 
■nicFOBttopes. — When several lenses are arranged 
togetheraccording to certain rules, 
sirongei' magnifying power is at- 
tained, ^ving sometimes ten or 
twelve tunes me real size : this is 
what is called a compound mag- 
nifying glass. Again micro- 
acopeaaremadcbyalill more com- 
plicated arrangements of lenses. 
lUcrOBCOpe (fig. 37), comes from 
two Greek words micros, small, 
and scopeo, to look at. 
' Great magnifying power may 
be obtained by a microscope. 
Things appear 1 00 limes, 200, and 
even 1000 times larger than they 
really are. I see that this doe^i 
not astonish you verv much, be- 
cause a quack at the fair de- 
clared that he could show things 
a million times greater than " "' 

their real sim. But this depends ' '^Bit^iflM^MiiiTort"'''^ 
on the' way of counting. When 
I say that my microscope magnifies ten times, I mean 
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that an object the tenth of an inch long, seems to be 
a whole inch long. The charlatans do not count in 
this way. As a thing is magnified not only in length, 
but in width and in thickness, they multiply three 
times, and so they would say that my magnifying glass 
magnifies 10X10X10 = 1000 times. Thus counted 
the showman's million becomes simply a 100. Only 
that would have made less fuss, and would have less 
amazed ignorant people. 

Nothing is more instructive nor more amusing than 
to look at things with a magnifying glass. I comd not 
tell you all that you might see in examining insects, 
flowers, in fact everything around you, your own 
skin, your clothes, etc., with a two shilling magnifying 
glass. 

1. Had we time, how many astonishing and marvel- 
lous things might I not show with its help. Thousands 
of living beings in a drop of stagnant water^ millions 

of tiny red bodies in a 
drop of blood, and I cannot 
tell what besides. 

155. Telescopes and 
spyg^lasses. — A sort of 
microscope for magnifying 
things at a distance so as to 
Fi^. 38. — Telescopes magnify objects make them look near, is 

L\ke'therappear'"ear""^''"'''"^ made by arranging di/fe- 

rent lenses in another way. 
This is called a spyglass or a Telescope (fig. 38). 
With its help we can study even the stars, and see 
in them many details absolutely invisible to the naked 
eye. 

154. Eye g^lasses op spectacles. — There is 
still another and well-known kind of magnifying glass, 
namely eye glasses or spectacles; these are small ovalbits 
of glass that people having bad sight put before their eyes. 
I am obliged to wear them because 1 am old ; here tney 
are. You see they are simple lenses that magnify but 
slightly : take them in your hand, use them like a magni- 
fying glass and see if you can read with them. 




1. With the help of a microscope what can be discoYered in a drop of 
stagnant water? — In a drop of blood? 



expl 



"*! soe Henr)' shakes liis lieuil. Ah ! I sps why. I am 
not ihe only person ia tho school who weara glasses: 
Jsmes, although young, is obliged to use them, and 
Henry finds tnat James's glasses cannot be used as a 
masTiifying glass. He is quite right too, and I will 
lain to you why. 
You must Imow that there are not only convex 
8, but also concave ones (fip. 39). 2. Now concave 
s instead of magnifying things, lessen ^^ ^ 

hem; instead of making objects look nearer ^^"^^ 
ban they are, thej make toem appear far- f.?. iv. 

her off. Donljle ooncaiir 

Come here beside me, James, and bring twu bU!m' "" 
your book along with you, only take off your 
spectacles; I have, put mine aside also. And you, Henry, 
who have good eyes, come and stand beside us. Let ua 
try to read at the snme time, each in a book with the 
same sized print. Now that I have not the help of my 
spectacles, vou see, I am obliged to hold my book at 
arm's length |lig. 40), before I can distinctly discern the 




letters; James, on the contrary, puis his close under his 
nose ; while Henry holds his at a reasonable distance, 
about 8 inches from his eyes. This is because 3. Henry 
bas good sight, James has short sight, or myopia, and 

I. Whsl nsniB ia ghen to a lens, ■ m.wu-b ItBs! — 3- Wh.l kind o 

fHrtlli foonded on tKilh ti-jB! — aigbl ire lliO« pprsuuswJ m """. 

WM atmt i> t\\m lo i lans Ihil it wha «» obieiM* ncur, liiit a»l Fir otTI 

■ Hull hollowsil on liolli stilPiT — — Tho« whu SM tut. liul ool imr! 

1. WbM U Ih. eBocl produtsd liy i I 
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I have long sight. We will now put on our glasses 
again. Ah! that is right; we all three hold our book 
in the same manner (iig. 41). Our bad sight is cured. 
I will give you the explanation of this fact, when we 
study Physiology , 

Now let us leave aside the lenses that lesseriy and that 
are only useful to short-sighted persons, and return to 
magnifying lenses. Until now we have used them for 
looking directly at things, by holding them between 
our eye and the object we desired to see. We can use 
them also for another purpose. 

155. Focus of a lens. — Look I this time I 
hold my lens right in the sun (fig. 42). Behind it 

I place a sheet of paper, towards which 
I gradually bring the lens. 1. You 
see at a certain distance a white spot A 
appears upon the paper ; this spot 
lessens as the lens comes nearer, until 
it becomes only a speck in size, but is 




Fi 



42. All the excessively brilliant and luminous. 



luminous rays are - n » 

brought together at And no wonder, for all the sun s rays 

the fo^Js.^' '*"''* ^^^^ M '^pon the lens are brought 

together in this spot. 2. This spot 
is called the focus of the lens. 3. In order to use 
the lens as a magnifying glass, the object to be magni- 
fied must be placed between the focus and the lens. Do 
not forget this. 

James come here and hold out your hand above the sheet 
of paper, (fig. 43), see the focus shines on your skin. But 
why do you draw away your hand? — Because I feel' 
the brignt spot to be very hot. 4. Very well; that will 
help you to keep in mind that heat always accompa- 
nies tight, and that the calorific focus is at the same 
point as the luminous focus. 

The larger the lens is, the greater is the quantity of 
sunlight it gathers together and concentrates, and the 
more luminous and hot is the focal point. 5. With this 



1. What happens when a lens is 
placed aboTe a piece of paper, so as 
to attrac.t the sun's rays? — 2. What 
is that point called where all the sun's 
rays meet? — 3. When a lens is used as 
a magnifying glass where ought we to 



place the object we wish to magnify? 
— 4. What is it that is called the 
calorific focus of a lens? — 6. What 
experiment can be made with a lens 
and some tinder ? 
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litticlena, 1 can easily sel fire to tinder (fig. 44). But to 
obtain this result it is not necpssary that the lens he o( 
gliiss, all transparent liodiea will answer the same pur- 
pose. Ice for instance, being a transparent body. 1. 




light, tn brougbl logullier. and ll||-hl lindiir. 

Navigators at the North Pole have been able [o kindle fire 
with the pale rays of the arctic sun conyentraled by a 
large lens hewed out of a block of ice. Great of course 
was the amazement of the Esquiniauji at this sight, and 
ejfually great was the suiprise of the sailors. 

Colours. 

a very iinporlant and moat intereat- 

! Diap^psion of light. Solar spectrnm. 

— Hero is a crystal stopper, cut with six faces (fig. 45). 
I turn it in the sunlight, above 
this sheet of paper. When in a 
certain position, it casts on the 



We come now 
Off experiment. 



Biper a many-eohiired spot. 
' we look attentively at this snc " 
we shall see that in the miiJdlr 



^^:-^ 



s bright grenn and yellow, \ 
the one side red, ou the otlier blue 
and violet. You all recognise 
ibe colour!* of the rainbow. 2. . „ . 

leVen in number: these seven are, if wo begin by the vio- 



indiga, Mus, gretn. peUmi, 
OFonat. rrd. Tlic miiihliui- 
tisn «l [h«» culoura i» 

It is *!aid they are 
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let side (which is the lowest in the rainbow], violet, in- 
digo, blue, ^reen, yellow, orange, and red. 

But in reality there are a great many shades running 
into each other and blending together, from the red to the 
violet, so that it is impossible to tell where one begins 
or another ends. 

1. The term solar spectrum, is applied to this com- 
bination of colours of the miniature rainbow that our 
stopper has given us; and that of dispersion, to the way 
in Nvhich the light spreads itself out. 

2. A spectrum is obtained when a ray of light passes 
through a transparent body, provided the surface 
through which the ray penetrates is not parallel to 
that by which it issues, 

3. This shows that all the colours are contained in 
the sunlight, allhovgh it is apparently white and co- 
lourless. 

157. Recomposition of nrhite lig^ht. — We 
shall have a proof of this by a very simple experi- 
ment. Here is a round bit of cardboard, upon which 
I have painted all the colours of the rainbow (fig. 46). 
The cardboard has a little hole in the centre, into which 

I introduce a rod. I then rapidly 
whirl the card round the rod as 
round an axle. 

4. You see the colours disap- 
pear, and the cardboard becomes 
almost white. 

It was not even necessary to paint 
the seven principal colours on the 
cardboard, three were sufficient : 
red, yellow, and blue. The reason 
of this is, that the other colours, orange, green and 
violet, can be produced by the blending ot the three 
others, two by two. 5. See : here is another bit of card- 
board, painted half red, half blue. If I make it whirl 




Fig. 46. — The white light 
is produced by the union 
of the seven colours of 
the spectrum. 



1. What name is given to all these 
colours taken together? — What name 
is given to the phenomenon of a ray 
being divided into seven colours? — 
2. How can a spectrum be obtained ? 
— 3. What conclusion may we draw 
from the formation of a solar spec- 
trum ? — 4. What colour does a 



card assume when painted with the 
seven colours of the spectrnm, and 
turned round rapidly ? — 5. W^hat 
colour does a card half red, half blue 
appear to be while turning round ? — 
Half red, half yellow? — Half yellow, 
half blue? 
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round like the first piece, it wil! appear violet: and this 
other, half rerf, halt yellow will appear orange: laslly, 
this one, yellow and blue will look green. 

138, The colour of objects. — But what does it 
imply when we say that this cardhoard, or anything else 
is while, and that green or red or black. 1. It means, 
that the white cardboard or any other white object, 
reflects all the light it rec^ves, and keeps back or ab- 
sorbs nothing; blue or red absorbs all it receives excep- 
ting the blue or red part of the ray ; the black absorbs 
all, and reflects nothing. What is the reaaoo of this ? 
Ah I I am at a loss to explain it, so you must content 
yourselvea with the mere Knowledge of the fact. 

In like manner, if water ia white, wine red, inkhlack. 
it is because water lets the whole ray of light traverse it, 
whilst the red part aloue passes through the wine, and the 
ink absorbs all. 

There are then two sorts of colours, colours given by 
reflection, as is the case with the sheets of cardhoard; 
colours given by transparency, as is the case with co- 
loured liquids or coloured gases, or transparent solid 
bodies, like glass, 

Certain bodies have not the same colour when seen 
by reflection or by transparency. This very ihin sheet 
of beaten gold leaf for instance, looks quite yellow 
wben the light shines upon it, yet if you look at it when 
placed bettween you and the light it will seem to be 
green. Such instances are however rare. 



SUMMAHY. — Light. 
1. Propngalton antl Bapldlly (p. 164). — Li^lil. Iriivi^Is in ii 
» might lii<e. 
%. It Irnvcl^ at llic mli^ at M.:i,\iil miles per ^ri'iind. 

3, KcOrcllitn (p. 16b). — Whvn a liiminous ra^ hills upon 3 
mirnir, it is rp/ltctrd. that is tn ^\ throna back arcarding to a 
given angk, and projects a brillani synil upon (Im wall. TbU plic- 
Dorociion is culkd reflection. 

4. ■cb-aeiloD (p. 167). — A hodj parlially immerepd in v 
looks as ir it Hprp Orokrn. Iliis is Llji' i-m-cl of llic duvialiui 
lumiDous rajs. Tliis pliunuuii-'nun ia nulled relracUon. 
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5. Refraction is to be observed every time a luminous ray passes 
obliquely from one transparent body to another equally transparent, 
but of unequal density. 

6. Lenses (p. 168). — A lens is a bit of glass which has one or 
both of its sides concave or convex : there are convex lenses, that en- 
large the object, and hollowed or concave lenses, that lessen objects. 

7. Magnifying glasses cause things to look larger, and are made 
with a convex lens. 

8. Microscopes are formed by a number of lenses disposed accord- 
ing to known rules in such a manner as to greatly magnify the 
dimensions of things quite near. 

9. A telescope is formed by several lenses disposed so as to 
magnify distant objects. 

10. Spectacles when intended for near-sighted persons are formed 
by hollowed or concave lenses; those destined for long-sighted 
persons are formed of convex lenses. 

11. The rays of sunlight that fall upon a convex lens come to- 
gether beyond the lens at a point called the focus. 

12. As heat always accompanies light, rays ofheat also concen- 
trate at the luminous focus. 

13. Dispersion, the solar spectrnm (p. 173). — When a 
ray of light passes through a transparent body, through two plain 
but not parallel faces, it spreads itself out, or diffuses itself ^ and 
produces a sort of coloured band, in which the seven colours of 
the rainbow may be recognised. This coloured spot is known by 
the name of solar spectrum. 

14. The seven colours of the spectrum are disposed in the fol- 
lowing order, if we begin with the under part of the rainbow : vto- 
lety indigo, blue, green, yellow, orange, red, 

15. These seven colours united, form white light. 

16. Coloured bodies enjoy the property of reflecting or allowing 
to pass through them only a part of the colours, composing white 
light. Thus a blue object absorbs six of the seven colours, and re- 
flects the blue. 

[At page 232 subjects of composition are given.l 



IV — SOUND. 

We detect and appreciate heat on the whole surface of 
the skin ; light by tne eye ; and sound by the ear. We 
already know whence come heat and light, how they 
mcve, and how they act. Let us now learn something 
about sound. 

1. Sound is always produced by the shock of two 

J. How is sound produced? 



SCrtlND. 
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bodies. If struck even slightly some bodies giye sound : 
like this wine glass, Lbis melal lid, this lightened Qddle 
string. 1. Such objects are called sonorous bodies. 

13ft. Sonorous vibFationei. — Paul, come near 
me ; I have struck this wineglaaa with a rod : it gives a 
strong and clear sound. Put your finger on the edge 
[fig. 47), what happens? — The sountTeeasea. — Yes, 
but what did you feel wilb your finger? See, there I 
strike again. — 2. Ahl Sir, 1 feel the glass tremble while 
it rings; when I stop the trembling, Ike sownd ceases. 
3. It is said that the glass vibrates, and it is those uiftra- 
(Tons which produce sound. 



Fia. 47. — Sound can be produced by fib'. ««- — The viLraUona of ths 
IBB (ibratioDe o( floss. WbBU Ibe y\- lanine lark are lillble. II JDU 

brtlieBsin rhecEed.tlmBODDilueaiies, aiopiEeM.lboiiiilramintiB^lonl. 

Strike this tuning fork' (fig. 48] : its vibrations are 

Suite visible ; and w-hen you cheek them, the instrumeat 
ecomes silent. So is it ako with this lid, only you 
eumot perceive its vibrations. 

Now the glass and the tuning fork are not in contact 
with our ear, bow is it thai we can hear iheir vibrations ? 
4- We hear them heeauao they are transmitted to the 
air, which vibrates in its turn, and Urns communicates 
vil/TOlioTis to the interior of our ear. 
I If any thing in my explanations puzzles or embar- 
rasses you, you must tell me. Have you any thing to 
say, George? 

— Yes, Sir I When a gun is fired, it makes a great 
noise, yet nothing has been struck, nothing vibrates. — 
You are mistaken iheri;, my child, the air vibrates. 
The gunpowder on taking fire produced an enormous 
quantity of gas, which having vent only by the barrel 
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of the gun, bursts out with extraordinary force. And 
this gas, when it violently struck the air, set it tn vibra- 
tion : thence the sound. 

I will give you a proof that sound is brought to m 
by air. George, go into the yard, before the open 
window, and strike those two Bticks gently on one 
another. You can all hear the sound? Now shut the 
window : the sound can he no longer heard. A thin 
pane of glass is sufficient to keep the sound from coming 
to us; it has prevented the vibrations of the air from 
reaching our ears. 

But had (he vibralious been strong enough, their 
energy would have reached the panes, and' have 
caused them to vibrate also; they in their turn would 
have transmitted their vibrations to the schoolroom 
air, and so the sound from without would have 
reached our ears. Closed windows do not keep us 
from hearing many disagreeable noises, for example, 
that made two hundred yards off by our good fnena 
Thomas the coppersmith, as he hammers on his 

SQta and pans. Besides, I am sure you have all heard 
le panes vibrate under the influence of a loud noise 

quite near. 

140. Rapidity of sound. — Sound does Ttot 

travel very rapidly through air. Open the window 
again. Thomas is 
making a great noise in 
mending the boiler of a 
steam engine (fig. 49)'. 
Look, and listen atten- 
tively. Do you remark^ 
anything in particular? 
— Sir, when I see' 
Thomasatrikehisboiler 
I hear nothing, and it is 
only when his hammer 
is as high as it can be 
that I hear the sound of 
the blow. And yet of 
course it is when he 
strikes that he makes 

noise. The sound you hear when the hammer is up- 

Ii'/ied, is the sound of the Movj Ke «Uuck aji instant before. 
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Why this differeQceoflime?l.Because%/if(rauefew'j(/i 
astounding ra}ndity,you see ihe movement that Thomas 
makes, at the ntamenl he makes it, while, as soimd 
Iravelsmuch mare slowly, it reaches you rather later. 

The nnst lime you lind an oc-Asion obsQi-ve a sports 
man fire his gun [fig 50 Jom tintl see the white 




cloud of smoke come out of the barrel some seconds 
before you hear the report ; and ihe gi'eater the dislanco 
between ihe sportsman and you, the greater will be the 
difiereoce between the moment you see ihe smokn and 
the moment you hear ibe sound. It is by calculating 
this difTerence between time and distance, that people are 
able to measure the rapidity of the propagation of sound 
throueh air. 
'^ 2. fi has been aacerlained thai sound travels at llie 
rate of 1125 feet per sei;ond. 

141, Tpanamission of sound by solids and 
by lic|uids. — I have already told you that it is by 
air that aound is generally borne lo us. 3. Butsonorous 
vibrations can be transmitted to us by liquids and 
even by solid bodies. Put your ear to tie -end of this 
long table (fig. 51); although I touch the other end 
very gently, you can distinctly hear the sound. 



i. You hear it even betler than if the vibrations 
reached you through the air, for vibrations are trans- 
mitted with greater rapidity and strength by solids 




andlliquids than by air. Sound travels through wood 
10 times more rapidly than through air, tlirough 
iron 15 times, and through water 4 times. 
I4S. Reflection of BODnd. — 2. Sound is re- 

{lected back from a solid or liquid body, just as Hghlis. 
I is for that reason that under some peculiar condi- 
tions, a sound once efnitted may be heard several times. 
. This is called an echo. 3. Echoes are generally to be 
■ heard when one is in front of a high wall or a large 
rock. If you then cry aloud, you first hear your own 
voice; the sound goes forward, stnkesagainsl the obstacle, 
and is thence reflected back and reaches your ear, so that 
you hear it again. This is a stmj^/e echo ; but there are 
often double and triple ones, etc. In the castle of 
Simonetta near Milan', there is an echo that is said 
to repeat 32 times. 

1-^. Ranges of sound. — Sounds differ greatly 
from one anolher, There are deep grave sounds, and 
high sharp sounds ; this difference is due to the num- 
ber of vibrations per second to which these sounds cor- 
respond. A: The more numerous the vibrations are, 
the higher the soundis. 

I. Compare the rapidiLj of Eosods I 3. When does an ecbo gentrally Uka 

IransmUted to HE through air, Kith place? ^ ». What ruolti rrom tha 

I hose that come through Eulida and numberorihsseyibnUoBsbeingmore 

Jiqaids. — I, JUentioD a property of I or less sumerouii? 

sBund analogiias lo one of light. — \ 
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The deepest, the gravest tone that it ia possible for us 
to hear, has 32 vibrationa per second; tne highest, the 
shrillest has about 70000. Man's voice can scarcely eo 
below a sonnd that gives 164 wibraliona per seeoDd, 
nor woman's voice higher than 2088 vibrations; but you 
children go much higher than that in the shrill cries 
you sometimes utter. 

1 44. Mtaslcal iatepvals. — You may have already 
begun to study music. If so you know your notes, and 
something of [lie scale', the oclave', the fiflk', 1, It 
will then no doubt inlereat you to know that when a 
note is an octave above another, tlie higher note tuts 
just twice as many vibralione, as the lo-wer one; when 
a note is at the tiflli it has 3/2 more. 

3. We shall see this better with the help of our tuning 
fork, the mid la of our voice, this la is produced by 
806 vibrations per second. The Oo under it has 480 
Tibrations ; the do above this, 480 X 2 — 960 The ml 
(the interval from do to sol is a iiflh) gives 480xf^ 
720 vibrations. 

145. MnsifMiJ InstPiunents. — I must however 
mention, that inslrumonts by which wo obtain musical 
sounds are of several 



3. First there are 
. stringed instru- 
meots , iu which 
sound is produced 
either by rubbing on 
the tight strings with 
a bow '. like (hose 
of the fiddle or the 



i« riMtierlMSOtinil; t 
e sLrmerlhESODud, 



rioloncello . 
strikitig them 

little hammers like ]'^'_ *}t}!!f ^tt 
those of the piano , 
52), or again by puUing them sharply with the lingera, 
like those of the harp, or guitar. 
4. The longer the string, the deeper the sound; the ' 
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SUMMARY. — Sound. 

1. ¥ibrations (p. 177). — SoUnd is always produced by the 
shock of one body upon another. 

2. This shock produces vibrations^ which are transmitted to the 
air and thence to our ear. 

3. Teloeitj of soand (p. 178). — In air, sound travels at the 
rate of 1125 feet per second. 

4. Sonorous vibrations can be transmitted to us by solids and 
liquids better even than by air. 

5. Echo (p. 180). — Sound can be reflected back from a solid 
or a liquid body, just as light is reflected from a mirror. 

6. This reflection of sound is what is called an echo. 

7. liow tones and high tones (p. 180). — There exist low or 
grave tones, and high and sharp ones. 

8. The greater the number of vibrations, the higher and more 
acute is the sound. 

9. A sound is an octave higher than another when it gives 
twice the number of vibrations than this other sound gives. 

10. masical instraments (p. 181). — There are stringed 
instruments and wind instruments. 

11. In stringed instruments the longer the string is, the lower 
is the sound it emits; the shorter the string, the higher is the 
sound. 

12. Likewise in wind instruments, the longer the pipe, the deeper 
and graver is the sound. 

13. Sounds are strengthened by elastic plates of wood (as in the 
case of the piano, the violin, etc.). 

14. Diapason tuning fork (p. 182). — The tuning fork is 
generally constructed so as to give the la (806 vibrations per second). 

[At page 232 subjects of composition are given.] 



V — ELECTRICITY. 

147. Sound, light and heat have been known to man 
ever since his appearance on the globe. But it is scarcely 
two hundred years since he had any knowledge of elec- 
tricity, although lightning had many a time made him 
witness of its effects. 

148. Friction develops electricity on the 
surface of iirax and g^lass. — Here is a stick 
of sealing wax (fig. 58). I present the end of it to 

little bits of paper, no effect is produced. 
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1. But if I rub it sharply upon my sleeve (fig. 59), the 
little bits of paper are instantly attracted, even from 
the distance of about a quarter of an inch (fig. 60). 

If in this experiment a glass rod is used, instead of 
the stick of wax, the same result is obtained. 





Fig. 58. — I place the stick 
of sealing wax near the 
paper : no result! 



Fig. 59. — I rub the 
sealing wax... 



Fig. 60. — It attracts the 
paper. 



2. Friction has then developed on the surface of the 
wax, and of the glass, a certain force, capable of lift- 
ing little bits of paper : this force is electricity. Ah I 
we are still far from the terrible lightning ; but wait a 
little, we shall get to it. 

149. The t^ro states of ^Electricity. — I will 
now show you something more curious still. With a 
thread of silk I suspend to a sort of little stand, a small 
ball of elder pith (fig. 61). 3. I let my stick of seal- 





Fig. 61. — The litte ball of elder 
pith is repelled, as soon as it 
touches the wax A. 



Fie. 62. — The elder tree ball that fled 
from the wax is attracted by the glass 
rod, bujt as soon as the contact has 
taken place it is again repelled to B. 



ing wax touch this ball of pith, it having been previously 
vigorously rubbed. You see the pith bait is ener- 
getically attracted, just as the bits of paper were, only 
no sooner has the pith ball come in contact with the 
stick of wax than it is repelled to the point A. You 



1. What happens when little bits 
of paper are placed near a stick of 
sealing wax that has been previously 
rubbed? — 2. What name has been 
givea to the force developed on the 



surface of the wax and the glass? 
— 3. What happens when a ball of 
elder tree pith is placed near a 
stick of sealing wax, that has been 
rubbed? 
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see I can drive it away in any direction, if I pursue it 
with the wax. 

1. I then immediately take up my rubbed glass rod 
(fig. 62), and put it in the place of the wax. The pith ball 
that was repelled by the wax is attroA^ted towards the 
glass rod ; but in a short time it is again repelled, and 
can only he attracted again by the wax. 

2. This experiment would lead to the belief that there 
exist two kinds of electricity, 07ie given by glass and 
the other given by wax. 

3. For this cause the name of vitreous electricity 
has been given to the former, and resinous electricity 
to the latter. 

4. They are also called, for reasons too difficult for you 
to understand as yet, negative electricity for the resi- 
nous, and positive electricity for the vitreous. 

All bodies thus emit electricity when rubbed, some- 
times negative, sometimes positive; but its existence is 
not always so manifest as when glass or wax is acted 
upon. 

150. Attraction and repulsion. — Here now 
is a thick plate of resin upon a wooden support 
(fig. 63). I rub it for a good while with a bit of 





^^^ 



Fig. 63. — I rub the resin with 
a piece of woollen cloth. 



Fig. 64. — I place my finger near il, 
and I obtain little sparks, and a 
slight crackling noise. 



woollen stuff. It then not only attracts light bodies, but 
also, every time my finger (fig. 64) approaches it, 
it gives off little sparks, that spnng from it with a 



1. What happens when a rod of 

glass is placed near a small ball, 

that was repelled by the wax? — 

2. What seems to result from this 

experiment ? — 3. What name is 



given to the electricity of wax? To 
the electricity of glass? — 4. What 
other names are used instead of 
resinous and mtreovs'i 
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nUght crackling noise. This is real lightning in minia- 
ture, [he apark is the lighijiing, the little noise the 
Ihuiiiler. 

Suppose, that, instead of the little ball of pith I hung 
on ihe stand, I had in its place put a ball of resin care- 
fully rubbed. 1. If the resin was placed near the ball, 
the latter instead of being attracted would be repelled. 

2. If on the contrary, / held near it the large glass 
rod, the ball of resin would be attracted by it. 

3. Now if oa the stand a glass bead were hung, it 
would he attracted by the resin, and would fly from 
the glass rod. 

4. From these exnerimenta, delicate enough to ho 
repeated, Ihe two following laws have been deduced. 

1. Two bodies charged ivilh similar kinds of elec- 
Iridfy repel each other. 

2. Two bodies charged with different kinds of dec- 
tricily attract each other. 

ISI. Condactops and non-conduclors OF 
Insalatorii. 

See, witli this slick of sulphur, after friction. I can 
also lift up bits of paper. In dry weather you may even 
draw electricity from your own hair, by the friction of 
the comb. Gats also, I may say, espe- 
cially, emit electricity, and their far 
stands on end when stroked , even 

Senlly (tig. 65), whon the weather is 
ryor frosty: if this be done in the dark, 
quantities of little aparka can be seen to 
spring out from under one's hand with p- as.^whenoiu 

a slight rustling noise. >re rubbed in dry 

Bat thi.™ .10 Ml, work m lite XMV." 
manner it 1 take my iron rod. 5. i 
may rub as long as I like, I can produce no mani- 
festation of the presence of electricity. 6. If, before 




I. Whil LappfDS iibeD a lurge 
pien of n>ia ilretdj cutbfd. a 
piteed D«r a until pi«rr thai lim 
dfiO bwia rulibeil? —-3. WtiBl iFi>uld 
bipp«B IF 'vMti of lbs iufS pieri 
of nilii t plug a imDll piece neir 
■ Uitt or rnbbgd Milingwu? — 
a. What ■onld hap|Hu \1 tba lillle 
|U«M of (eaiu wsra replsced lij a bil 
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Fig. 66. — If I wrap a piece of silk 
round the iron, it attracts. the little 
pieces of paper. 



beginning to nib it, however, I wrap several times 
around it a piece of silk (fig. 66) I can see the rod 

give some signs of electri- 
city, that is to say, I can 
lift with it some small bits 
of paper. 
What does this indicate ? 
1. This indicates that be- 
fore I wrapped the silk round 
the iron the electricity as soon as it was produced passed 
through the iron into my body and thence into the 
ground; whilst at present, the rod being wrapped in 
silk, the electricity remains on the iron. But why was 
silk necessary to obtain this result? That is what I will 
now explain to you by an experiment. 

I will operate this time with a stick of wax that has 
not yet been used, and which you see cannot as yet 
attract anything. Very carefully and gently I rub tne 
extremity on my sleeve, the extremity alone (fig. 67). 





Fig. 67. — I rub the extremity 
of a stick of sealing wax on 
my sleeve. 



Fig. 68. — The extremity alone of my 
stick of sealing wax attracts the bits 
of paper. There is no effect at A. The 
wax IS a non-cowiuctor. 



You see (fig. 68) it attracts bits of paper and other light 
bodies ; yet at a very short distance from the end A no 
effect whatever is obtained. 

2. Thus electricity occurred only where friction 
had developed it, and had by no means spread over 
the wax. 3. For this reason wax is said to be a non-con- 
ductor of electricity. We have already made acquaint- 
ance with this term when speaking about heat. 

4. On the contrary when I produced electricity by 



1. What does that imply? — 

2. In what way does electricity 

affect the wax? — 3. By what word 

do we express this quality in the 



wax? — 4. How does electricity 
affect an iron rod ? — By what word 
do we express this property in iron ? 
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mbbing my iron rod, the electricity immediately 
spread itself over alt Ifie surface, for iron la a con- 
dnctor of electricity. 1. Now the human body is aleo 
a conduclor, although less so than iron; ho is also the 
pround. Therefore no sooner was electricity produced 
in the ruhhed pa,rt of the iron rod than it vassed into 
my hand, thence to my body, and finally into the 
{/round. 

2. As for the silk, it is a uoii-eonduclor. So in 
tvrapping the silk round the iron J kept in, as it 
were, the eleclricily on the iron, ana by dint of patient 
rubbing, produced enough to allow all the rod lo give 
EOaDifest signs of its exislence. 

3. To kem in the eleclricily produced, is called ia- 
Solating' a body. People use for this purpose : Bilk, 
glass, resin, wax, porcelain, India nihher, all of which 
are non-eonductors. Woollen aluffs, dry leather, dry 
wood, are not good conductors either. On the contrary, 
metalfr, water, and wet bodies, such as live plaula, 
animals and wet ground are good conductors of elec- 
tricity, 

ISS. DifVeront methods of obtaining; elec- 
tricity. — 4. 1" electricity can be produced hy fric- 
tion; 2*^ by bringing an unelectrilied body into actual 
contact with an electrified one; 3"" by bringing an elec- 
Irified body near to an unelectrified one (without allow- 
ing them to touch). 

Thus we can gel electricity, 1" by friction, and under 
proper condition's: 2°'' by contact; and 3"* hy induction. 

1" When a body is rubbed it becomes charged with 
a certain ([uantity of electricitj, which varies according 
to the nature of the body, positive in the case of glass, 
negative in that of resin. 

i" Whena body is touched by another body previously 
electrified, tbe former becomes charged with electricity 
oi similar nature. In the experiment with the pith ball 
hung by a silk thread, the bull attracted by the wax be- 
came charged with negative electricity (that of the resin); 



piWM of illpBf? — 1. liljlllit 

Ibc bti ot iron ■nijipcd up in 
efitlk altrieli iliuDi! - a. H> 
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but as soon as there was contact, it was immediately 
repelled, because two electricities of similar nature repel 
one another. 
3"* Electrifying action. Suppose you have a ball 

(fig. 69), charged with 
positive electricity. If 
you put this ball near 
another body, B stan- 
ding on an insulating 
foot, the body B di- 
vides itself as it were 
in two halves : that next 
to the ball G becomes 
charged with negative 

Fig. 69. — Electrifying action.— The vici- electricity; the OmerD 

nity of the ball A, charged with positive --.'♦i, -nnsitivft plftrtri- 

electricity, brings into C a negative elec- ^Un posiuve eiecin- 

iricity, and at D positive electricity. City. Hcnce tms body 

if moveable will be at- 
tracted towards the electrified body, as electricities of 
different natures are mutually attracted. 

153. Po^nrep of points. — When a body capable 
of being a good conductor is electrified, if perfectly round 
(fig. 70), the electricity is equally spread over all its 
surface. If it be egg-shaped (fig. 71) the electricity 







Fig. 70. — Electricity 
is spread all over the 
surface in a ball. 



Fig. 7 1 . — In an egg-sha- 
ped body electricity 
will collect especially 
at the two ends. 



Fig. 72. — In a body 
terminated in a point 
all the electricity^ es- 
capes by that point. 



will collect especially at the two ends. If we suppose 
the egg-shaped body capable of being lengthened out as 
this bit of paste can be, all the electricity will collect at 
the two points. Were I to taper to a point one of the ends 
(fig. 72), leaving the other round, aU the electricly 
would go to the point ; the body would be unable to 
retain any^ all would run out as it were at the point. 
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'TIlis is what is called the powar of points. 1. It 
consists you see in this, that a body charged with elec- 
Iricily discharges ilself rapidly if il is tapered off, or 
merely if a pointed body be stuck in it or applied to it. 
Of course the body must be a conductor of electricity, 
else the eleetricily would cjuietly remain where it was 
developed, without being able to reach the point. 

It is this power of points (hat allows lightning 
condnctora to be of any use; emdit is also ihispower 
that causes the Hghlning to be attracted especially lo 
steeples and tall trees such as poplars. We must exa- 
mine further into this. 

134. A Lightning e»ndactor. — We have 
already seen that when two bodies are charged, one with 
negative electricity, the other with positive, they are 
mutually attracted. When they come in contact with 
each other, or even when they come pretty dose to each 
other, a spark passes between them, and their electri- 
city disappears : they are said to be discharyed [neu- 
tralised would bo a better expression). More ihan this. 
if the electrified bodies were tapered to points the dis- 
charge would lake 
place withsomuch 
ease that it would 
not even produce 
Sparks. 

2. Thus when a 
cloud charged with 
negative electricity 
approaches the 
earth jfig. 73), it 
electrifies by in- 
duction the earth, 
whose positive 
tleclridty as I ex- 

Elainod to you a P's-.i 
itle time ago, ac- [h^" 
cumulates upon all 
pointed objects, I. Then if the cloud is not loo 
sear, or if it is not loo strongly charged, or again if 
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a shower has caused all those pointed objects to he- 
come better conductors than usual, being wet, the elec- 
tricity will olide gently away from the points in the 
first place, thence into the air and the cloud, which will 
thus ne neutralised. 

1. But if the cloud contains a great quantity of electri- 
city, or if the electricity of the earth has at its disposal 
but an insufficient number of pointed bodies to be able 
to pass away with sufficient rapidity, all of a sudden^ 
a spark, in tliis ca^^e a flash of lightning, springs 
forth, sometimes proceeding from the point to the 
cloud, sometimes from the cloud to the point, as the 
case may be. 2. This flash is what is vulgarly called 
the thunder bolt, which strikes, in preference as you 
know, trees and spires, especially when they have nut 
few tall objects around them. 

— But, Sir... — Well, what do you wish to ask, 
George ? — But then, if you put a lightning conductor 

on the steeple (fig. 74) as has 
been done nere, there will be 
no escape possible, and the 
lightning cannot fail to fall on 
that long sharp rod? Quite 
right, my child. But do not 
be afraid. Have you ever 
looked closely at this light- 
ning conductor of the church 
steeple? Is there nothing 
besides the iron rod ? — Oh ! 
yes, there is a long iron 
chain, that runs down all 
along the building. — And 
where does this cnain finish 
Fig. 74. — If a thunder bolt falls, it off? I havo heard sav that 

follows in preference the chain AB •. „„^„ J^,„^ :«* 11 i. * 

and is lost in the earth C. itpaSSCS dOWU lUtO a Well, but 

I do not know if that is true, 
or why it should be so. — It is quite true, and I will tell 
you why it is so. 

When the cloud passes over the church, the water of 
the well, the iron chain and the rod of the lightning 




1. What happens if the cloud con- I 2. What name is given to this 
tains a great deal of electricity? — | spark? 
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conductor will always bo in Lellor condition to conduct 
electricity than a^nv oth^r part of the edifice, although it 
may Lb wet with the rain. 1. The result of this will be 
that the electricity of the earth will always choose the 
easiest path towards the cloud. 2. And if a flash 
does spring forth, it will, in falling as people say, 
more readily lake the road that offers least resistance. 
Electricity is laxy or at anj rate prefers avoiding difficul- 
ties to overcoming them. This is the reason why thelieht- 
ning conductor will either discharge the electricity of the 
cloud slowly and without flashes oflightniog, orifthere 
be a flash of ligh tning, the consequences will he home hy 
the conductor itself, that is to say, the rod, the chain, 
and thu well, so that the church will he preserved. 

ISS. Two kindii or lightning. — Please, Sir, 
does lightning fall somewhere on the earth, at every 
discliarge of electricity from the clouds? — No, my 
child. 3. There 
are flashes that 
lake plane be- 
tween Uie earth 
and the thunder 
cloud, and it is 
in such cases 
tJiat things on 
the earth are 
struck. 4. Fortu- 
nately, however, 

in most cases ^ 

lightning Hashes 

from one cloud to another; one cloud being chared 
with positive ihe other with negative electricity (fig. 75) ; 
these clouds dispharge themselves in coming near 
each other. 5. Lightning is accompanied by a great 
DAiae called thunder, produced by 'he displacement 
of air. fl. This noise is prolonged hy echoes rolling 
from cloud to cloud. The flashes thai pass from the 
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earth to the cloudy produce on the contrary a sharp 
short thunder clap. 

A certain interval of time, of greater or less dura- 
tion, exists between the moment tne lightning is seen 
and that at which the thunder is heard. Gould any 
of you explain to me why? — 1. Sir, the lightning is 
seen as soon as it is produced, because light travels 
very rapidly, — Very well; and sound? — 2. Sound 
only travels 1125 feet in a second and is much longer 
on the way. — Quite so, my child, and the knowledge 
of this fact gives great facility for measuring the 
distance at w?iich the lightning has been produced. 
3. Count the seconds^ between the time you see the 
lightning and the time you hear the thunder ^ as many 
times 1125 feet as there are seconds, form the distance 
which separates you from the place of disturbance. 

Production of Electricity. 

156. — And now let us return to the means em- 
ployed for producing electricity. You can easily un- 
derstand that it is impossible to obtain considerable 
quantities of electricity by merely rubbing a stick of 
sealing wax, with a bit of stuff in one's hand. The quan- 
tity thus developed is of no other use than to afford a 
little scientific amusement. 

4. Electricity is produced on a large scale, by two 
kinds of instruments, namely, electric machines and 
electric batteries or piles. 

157. ^Electric macliiiies. — 5. Electric machines 
(fig. 76) generally produce electricity by friction upon 
glass. They are most frequently composed of a plate 
of glass A revolving between two pairs of cushions GC 
DD', that press on either side of the glass and rub on it 
as it turns. The electricity, which is positive in this 
case, accumulates upon the metallic parts of the machine, 
so that when a large machine of this description is 



1. Why do we see lightning as 
soon as it is produced? — 2. Why 
docs an interval of time pass be- 
tween the lightning and thunder? — 
B. Uow can we measure the distance 



that separates us from the point 
at which lightning is prodoced? — 
4. By the help of what instruments is 
electricity produced ? — 6. How do 
electric machines produce electricity? 



I employed, sparks Btrong enough lo knock down a man, 
I may be oblained ; these sparks are sometimes about half 




138. Electric batterlea and piles are of a totally 

LifTerent nature, and work upon quite another principle, 
You must be aware that whenever a chemical rfe- 
ompasilion, or to use a more appropiiate eayiression, 
t cnemical re-aclion takes place, electricity is deve- 
oped. Thus when, in the course of our first lesson on 
Itomistry, we made sulphate of iron, with some sulphu- 
IC acid and some iron, a certain quan- r 

^ty of electricity was produced; only as ~"~~ 

re paid no heed to it, it was lost. 
In electric piles things are disposed 
oas to ^theritin or condense it. Pe- 
uliar dispositions are adopted accord- 
ig to the chemical reaction chosen. 

In order to give you a pretty 
ccurate idea of these piles I will 
lake a very simple one before you. 
'bia very simple pile (fig. 77), lam 
aiaf 10 construct for your instrnction, 
^ Bjmilsr to the earliest pile ever 
ade, that invented by the celebrated 
'oils'. See, I pile up pennies, disca of sine, and 
of cloth, all of similar dimensions, arranging 
aa follows, a penny, that is to say copper, cloth, and 
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zinc. When about ten of each have thus been piled up, 
I tie up the whole, dip it in some strong vinegar for a 
few moments, then wipe it and lay it on a plate. This 
done, two brass* wires are fastened, one beneath and one 
above ; one in contact with the zinc, the other with the 
copper, 1 . The acid of the vinegar attacks the zinc ; a 
chemical re-action is thereby produced. 2. The wire, A, 
that touches the copper will give positive, whilst that, B, 
in contact with the zinc, B, will give negative electricity. 
3. If I fasten together the two wires or poles as they are 
called, an electric current will be produced, very weak 
of course, but nevertheless obvious. 

159. Effects of electric curreiit. — I will now 

show you several proofs of the existence of this current. 

First proof. Cfome here, Henry, and hold out theXip 

of your tongue (fig. 78). There, 1 have placed the end 

of the wires on it; do you 
feel anything? — Yes, Sir, a 
saltish taste. — Anything else ! 
4. Ah I a sort of shaking in 
Fig. 78. — Henry feels a slight my tougue. — That's causcd 

a'gSlaf effect." '""*'"' = '"'^- ^Jf thepofoge of the current. 

It instead of this poor little 

pile, I employed a strong one, you would be uns3)le tobeHBir 

it on your tongue. Between your fingers even it would 

feel painful, and would give you violent shocks. 

Second proof. Here is a mariner's compass (fig. 79) 






Fig. 79. — The needle of the mariner's 
compass puts itself parallel with 
the wires of the pile. Physical ef- 
fect. 



Fig. 80. — The water is decomposed 
into gas (oxygen and hydrogen) by 
the electric current. Chemical eflrect. 



composed as you all know of a needle set on a pivot, 



1. What is there in the battery 
we have just constructed that causes 
the electricity to escape? — 2. What 
sort of electricity comes from the 
wire A that touches the copper? What 
sort of electricity comes from the wire 



H that touches the zinc? — 3. \Vhat 
will happen if I unite these two wires? 
— 4. Name a physiological effect pro- 
duced on the tongue by the electric 
current. 
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Sh'Deedle points lo the north. I lay the united 

;9 of the pile upon the compass. 1. Immediately the 
He deviates and places itsel" " " ' ""' ' 
IS of the pile. 
IIIRD PROOF. This time it i 

80), that will manifest to i 
■ent. The two ends of the wires 
»r at some distance from one a 

pay great attention. 2. Do you sei . 

acnts, little bubbles form at ihn end of each " 

' disengage themselves aud rise to the surface 

se bubbles are the restiU of the decomposition ^ 

water, produced by the action of the electric c 

', as we shall aee hereafter, 

OURTH piiooF. Lastly, let ua carry our pile into t 

clospt (fig 811 ""hut (i-ver\ thinf carenilly so as tfl 
la complete darkness 
\\ft aad separate several 
a the two polen of the 
3 You can lee *l uacl 
Mta»maU,t ery small 

ft appear 

nd Ro we have oblaine 1 

our rougli apparatu all 
effects that slronp ele 
machmes give 1 \ 
Upon the human hodj 
phy!>wlogtcal effect Ft » a pakap 

tion upon the magnetic ,;J ^"^" "" ""• ^"V"*'- •■ 
,le, and the produUion 
parks giving '%ht and heat, or physical e/fecf 
le decomiiosiiion of water, or chemical e/fed. • 
lit with larpe halteries or piles very extraordinary 
ta are obtained. 4. A single shock is c _ ' " 
wing the stroogeat man into convulsions, or even of 
ng Bim. 5. When the sparks are made lo pass be- 
n two points of carbon they produce the marvelloua 
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and splendid electric lights which is now used to light 
up our great cities. 

1 . By the aid of electricity, divers bodies can be de- 
composed and metals deposited upon other bodies, as in 
gilding or silvering. And how many other marvels might 
I mention, but the list would be too long. 2. Amongst 
the most useful applications is the electric telegraph that 
carries news all round the world, by means of a wire, 
along which electricity runs with a fleetness equal to 
that of light; the telephone, that bears to a distance 
and reproduces the human voice, so that at the Exposi- 
tion ofElectricity, which took place for the first time in 
Paris in 1881, people were able to hear all that the 
actors and singers said or sung in the great Opera, 
although at least two miles distant ; the microphone also, 
that amplifies sound so as to render audible what was 
imperceptible, to such an extent that a fly walking over a 
sheet of paper, makes as much noise as a horse prancing 
on a sonorous floor. Ah ! it would take a life-time to study 
the half of all these marvels. • 



SUMMARY. — Electijicity. 

1. Postttve electricity.— IVeg^attve electricity (p. 185). « 
Friction develops on the surface of wax and of glass a certain force 
called electricity. 

2. Electricity obtained from wax is called negative electricity. 

3. Electricity obtained from glass is called positive electricity. 

4. Bodies charged with positive electricity repel those charged 
with positive electricity. 

5. Likewise, bodies charged with negative electricity repel those 
charged with negative electricity. 

6. On the contrary bodies charged with positive electricity at- 
tract bodies charged with negative electricity. 

7. Hence the two following laws : 

1. Bodies charged with similar kinds of electricity repel each 
otiier, 

2. Bodies charged with electricity of opposite kinds attract 
each other. 

8. Bodies tliat are n^ood conductors, bodies that are 
bad conductors (p. 187). — If instead of rubbing wax or glass 

Tell me of two applications of electricity to industry. — 2. Tell me of the 
^ raph. — Of the telephone. 
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I were to rub an iron rod, tlie electricity formed by the friction 
spreads itself over the rod, passes through my body and disappears 
in the soil. 

9. In the case of the wax and the glass it is the contrary : the 
electricity remains just where the friction developed it. 

10. It is said, for this reason, that iron, the human body, the 
earth and water are good conductors of electricity. 

11. Wax, glass, and silk are bad conductors. 

12. In order to obtain any manifestation of the presence of elec- 
tricity in the rod, I am obliged to wrap around it several folds of silk. 

13. This process of thus keeping in electricity, by means of a 
body non-conductor, is called insulation. 

14. Electric sparks (p. 186). — When one holds their finger 
near a large plate of resin that has undergone vigorous and pro- 
longed friction, small sparks issue forth with a dry crackling noise. 
This is in reality a miniature thunder storm, the spark is the light- 
ning and the crackling noise the thunder. 

15. Bodies can be electrified by friction^ by contact or by in- 
duction (p. 189). . 

16. Fo-wer of points (p. 190). — Electricity concentrates itself 
at the end of any pointed object, so that a pointed body which is a 
good conductor discharges its electricity at the point. 

M. Lightning conductors (^, 189).— This potuer of points, which 
induces lightning so frequently to fall upon spires and tall trees, etc., 
is applied to the construction of lightning conductors. 

18. A lightning conductor is composed of a long pointed rod, to 
which is attached a thick iron chain that descends into a well. 

19. When a stormy cloud, we will suppose charged with nega- 
tive electricity, comes near enough to the earth, it attracts all the 
positive electricity. 

20. This being the case, one or the other of the two following 
phenomena must take place. 

1 . If the cloud is not too near, or if it is not too heavily charged 
with electricity, the electricity contained in the soil will glide gently 
away towards the point of the lightning conductor, and thence into 
the cloud, which will thereby be neutralised. 

2. If on the contrary the cloud be heavily charged with electricity, 
the spark will spring between the conductor and the cloud, and the 
electricity will be guided along the iron chain and disappear in 
the well. 

21. Fortunately the greater number of flashes of lightning pass 
from one cloud to anotlier, instead of passing between the earth 
and a cloud. 

22. Electric maciiines and electric batteries (p. 194). — 
Electricity can be artificially produced by two kinds of instruments, 
electric machines and electric batteries or piles. 

23. The machines produce electricity by friction. 

24. Electric batteries are made on the principle that whenever a 
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ohemical composition or decomposition takes place, in other 
words J whenever a chemical reaction is obtained, be it strong or 
weakf electricity is produced. 
25'. Batteries give both negative and positive electricity. 

26. On bringing together' the two wires which unite both 
elect ricitieS; an electric current is obtained. 

27. From this current there can be obtained physiological effects 
(a trembling in the tongue, convulsions, sometimes even death), 
physical effects (deviation of the magnetic needle, sparks, electric 
Iight)> chemical effects (decomposition of water). 

[Simple Subjects for composition are to be found at page 232.] 



VI — MAGNETS. 

160. — Look at this horse-shoe shaped piece of steel 
(fig. 82). To outward appearance it has notning extraor- 
dinary about it. But see, if I present its two ends 



Q 




Fig. 82. — A magnet. Fig. 83. — The needle flies to the 

magnet, and clings to it. 

to a sewing needle (fig. 83), when within half an inch 
of it, the needle raises itself from the tahle^ flies towards 
the instrument I present to it, and clings fast upon it; 
a sharp shake is necessary to make it quit its hold. 

This piece of steel that attracts both iron and steel, 
is what is^ called a magnet. 

161. Attraction of iron by the nia||^et« — 
Here mingled together and spread out upon a plate 
are some iron and copper filings, sawdust, cinaers, 
coal dust, and sand (fig. 84). At some distance above 
the plate I pass the two ends of my magnet. 1. See 
how the iron filings are attracted by it and firmly ad- 
here to it; whilst the copper and all the rest remain quite 
still. The magnet attracts iron only. 

J. What is the effect of the magnet I effect of the magnet on copper, and 
OD iroa filings'! — What is Iho \ cetlavti oltiw bodies? 



I . The aedon of a magnetic bar is almost exclusively 
limited to its two ends. You may observe that with 
the curved part of my magnet I can scarcely make 




the needle move (lig. 85). 2. And this is the reason 

why magnets are generally made iu the shape of a horse 

shoe, so as to be able to act with both eads at a time. 

108. Distant action of the mitiniet. — 

Magnets, as you see, can act at a distance, for the 

needle moved while the magnet ^.^ 

waa half an inch distant; and no- .^"''^^i— 

thine can prevent this action. In ?ito — ^^ 

procT of ibia I place the needle on 

a sheet of mper, on a bit of silk, ... 

or OQ a pane of glass (Ijg. 86). ibe ,a=^iti t^na ot itio 

3. You can pass the magnet under •'''«'■ """ "• 'i"" »''"" "f 

(he object thua separating it from ^'"' 

the needle; notwithstanding the obstacle, the needle 

faithfully follows the maijnet in whatever direction 

it takes, the interve-ning body beiny incapable of 

preventing magnetic action. 

165, Magnetism by contact. — Let us now 

Eut the needle upon the two ends of the magnet, and 
ring it near the iron filings [iig. 87). 4. The filings are 
immediately attracted towards the needle and adhere to 
it, thua you see, the needle has been magnetised by its 
contact loith the magnet. We may now separate the 
needle from the magnet, it will nevertheless retain its 
power of attracting the iron filings (fig. 88). Tht 
needle has itself become a magnet. 
Even until lately this was the process by which all 
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magnets used in physics were made. A piece of steel 
was rubbed upon a previously prepared magnet; this 
sufficed to magnetise the former immediately. I say 
steel, not iron, for although this latter is very easily 





Fig. 87. — The needle is magnetised. Fig. 88. — The two endss <jf the 
Magnetism by contact. needle attract the filings. 

magnetised, more easily even than steel, yet ii does not 
retain its magnetic power; when iron is quite pure, it 
loses its magnetism as soon as its contact with the 
magnet ceases. 

164. Natural magnet. — What makes you look 
so perplexed, George, when I say that ma^ets are made 
by ruobing a piece of steel with a previously magne- 
tised magnet. — Sir, I was wondering where the 
first magnet came from ; it at least could not have been 
made by rubbing it against another, since no other 
existed. — Ah! well, that bit of curiosity will soon be 
satisfied ; in fact, it was about this that I was just going 
to speak to you. 

All magnets are not artificial, there exist also natu- 
ral magnets. A certain iron ore called loadstone*, 
has the power of attracting iron. This ore is abun- 
dantly found in Sweden, and also in Asia Minor*, near 
an ancient Greek town Magnesia, Hence the name 
of magnetism was given by the Greeks to the peculiar 
properties of this ore. This word is used, with the 
same signification up to the present day. You un- 
derstand now, master George, do you not? 1. With 
natural magnets, steel bars have been rubbed, from 
them artificial* magnets obtained, and so on. In our 

i. How were the first magnets obtained? 
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Fi|?. 89. — The extremi- 
ties of the two magnets 
are attracted or repel- 
led. 



days, people have other modes of arriving at the same 
result. I will tell you of these in an ensuing lesson. 

And now let us pass on to something else. 

165. Magnetic attraction and repulsion. 

— Here is a steel knitting needle. I magnetise it hy 
rubbing it with a magnet : it attracts as you see the 
iron filings at both its ends. I sus- 
pend it by the middle to the stand 
(fig. 89) we used in a preceding expe- 
riment. The knitting needle moves 
about, oscillates as we ought to say, 
and finally remains motionless in a 
certain direction. 

Then, to one end A , of the sus- 
pended needle , I present one of the 
ends A' of my magnet ; the needle is 
most evidently attracted. And in 
that fact there is nothing to astonish 
us. But wait a little, wonderful 
things are to happen, only as they are somewhat com- 
plicated in appearance, we will take the precaution of 
marking A, A', at the ends of the magnet and of the 
needle which attract each other. 

During this time the needle has become quiet again, 
and has returned to its primitive position. I present to 
the end A of the needle the end B' of the magnet. 
Strange to say, the needle is repelled from the magnet. 
We will draw back our magnet, and wait till the needle 
gets settled again. 

Let us see what will happen now if we put to the end B 
of the needle (the one we have not marked), the end B' 
of the magnet : the attraction is manifest. Let us pre- 
sent the end A' : the needle is repelled. 

So when we bring near each other two magnets, their 
ends attract or repel each otlier (fig. 89). 

Now^ in order to see clearly through all this, we will 
magnetise two knitting needles AA' (fig. 90) placed 
alongside one another. 1. For this purpose I set the 
marked end of my magnet on the middle M of the 
two needles, and gently rub them with the magnet from 
the middle to one of the ends AA', repeating this opera- 



1. What 18 .to be doo£ in order to magnetise a needle by rubbing ? 
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tion several times. Then I take the other, the un- 
marked end of iho magnet (fig. 91],. and nib from the 

Fig. M. — I 6Bi»ri1 times rub the Fig, Ot, — Id the unie irij I rjt 

two needlea from H to AA'. lie two nendkE from U lo M'. 

middle to the end BB', the part of the needle that re- 
mained untouched the first time, and as in the pre- 
ceding case, repeat the rubbing several times. 

The two needles arenow magnetised. To avoid confu- 
sion we will put ink on the ends BB' of the needles 
(fig. 92), then we will suspend one of them by its middle. 




riu duck ih ■tlr*et«d 
Bd according is odb or 
other end ol (he mignetised 
De«iil< is pr«seDleiI lo tt. 

the one marked AB for instance. We shall subsequently 
see that if we present to the end A of the suspended needle 
the end A' of the other needle, the end A is repelled; if 
it is the end B that is presented, on the contrary A is 
attracted. The reverse is the case if the end B is 
applied. 

1. Thus there are at the two ends of one needle, or, 
to use the proper expression, at the two poles, two 
kinds of magnetisms, as there are two sorts of elec- 
tricity at the two ends of a body electrified by induction, 
or at the two poles of an electric machine. It is per- 
fectly evident that there is the same magnetism at B 
and B' on one hand, and at A and A' on the other. 



J. la wbtt d# It 
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l.Wecan (has s&y that poles of similarnature repel 
each olhpr whilst, poles of apposite nature attract each 
other; the rule is tne same as that applicable to electri- 
cily. 

Henry waa aware of the fact allhough unable to ex- 
plain it, as his uncle brought him from town a small 
metal duck that flouts on water and followa or flees 
(fig. 931 from a raaguelic needle according to ihe end 
presented to it ; and this because in the duck's bill a 
piece of magnetised steel is hidden. I asked Henry lo 
bring me his lay, heroit is, and you see how very docile 
the good duck is. 

1u6. Mariner's oompass. — And now let us 
return to our suspended knitting needle. You see, of 
its own accord it bas set itself in a certain direction ; if 
I turn it aside, it oscillates a while and returns to its 
first position. Now nolo in what direction it turns. 
2. One end points lo the north, the other 
of course to the south. 

3. The Mariner* compass (fig. 94) 
of which you all have heard is merely a 
magnetised needle, oaly instead of being 
hung on a thread, in which case the in- 
strument could not be easily carried 
about without damage, it is placed on 
a pivot, which allows it to turn freely 
in any direction. It is moreover shut up in a box with 
a glass lid, so that nothing can harm it. 

11 is quite superfluous to insist upon the utility of the 
ffisriners compass, and the immense service it ren- 
ders to sailors on the trackless sea; for, as every- 
body knows, its needle, constantly pointing to the 
BOrth, allows the cardinal points to be found under any 
circumstance whatever. 

It is however necessary that there be no other magnet 
nor any mass of iron in the immediate neighbourhood of 
the compass, other>vise the needle would deviate ' and give 
false indieationB. On board ironclad vessels, the regu- 
lation of the magnetic needle is therefore no easy matter. 

The compass has been used in Europe for 4 or 5 

1. Wbll or* lb« \ttii or DiBgattic I 
itUMtiim «nd repulsion ? — 3. Whel 
dirKtiOD dHSi uignelicaeeJIeliikc | 
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centuries *, but it was known to the Chinese long before 
that. 

167. Magnetisation by the eleetpie pile. — 

I have already told you that magnets are no longer 
exclusively made by being rubbed with another magnet. 
The other process I then alluded to is the following : 
1. And in order to make the explanation as attractive 
as possible I will make a magnet before you. For this 
purpose I take a nail AB (fig. 95) of wrought iron ; around 

it I wrap some straw, 
which IS an insula- 
tingbody, then taking 
one of the wires G of 
the electric pile we 
A made a little while 

Fig. 95. — As soon as the electric current is agO, I wind it a great 
passed through the wire, the nail BAisma- maHY times rOUnd 
gnetised (electro-magnet). ^j^^ J^^^^_ ^^^ ^^ 

convince yourselves, that as far as at present, the two 
ends of the nail, which protrude through the wind- 
ings of straw and wire, have no attractive effect on the 
iron filings. 2. The things thus prepared, / bring to- 
gether at E the two wires CD of the pile^ otherwise 
called the two poles ; the electric current passes^ and 
circulates around the nail; immediately the latter is 
m,agnetised and exercises attraction upon the iron fil- 
ings. When I interrupt the current, the iron filings 
fail off; when I again allow the current to pass, the 
filings cling once more to the nail, and so on. 

3. Thus we have made what is called an electro- 
magnet, a word easily understood. Ours is of course 
but a very weak one, for it can scarcely lift tiny iron 
filings, fiut with strong currents electro-magnets have 
been made capable of lifting and holding suspended 
several tons weight. 

Electro-magnets constitute the fundamental part of the 
electric telegra^^h, one of the many marvellous applica- 
tions of electricity. 



1. What should be done in order 

to magnetise a nail by the pile? — 

2. Your arrangements being com- 

pletedj what is now necessary lo be 



done in order to magnetize the nail? — 
3. What name is giTsn to iron thus 
magnetised ? 
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SUMMARY. — Magnets. 

1. Hairnets and magnetism (p. 200). — A magnet is a 
piece of steel which has the power of attracting iron. 

2. This power has been called magnetism. 

3. If a steel needle be rubbed by a magnet it manifests magnetic 
power. 

4. There are two sorts of magnetism^ just as there are two 
sorts of electricity, 

5. In a magnetised needle, if one of its extremities or poles take 
one sort of magnetism, the other extremity will take the magnetism 
of the opposite order. 

6. Poles of similar nature repel one another; those of contrary 
natures attract each other. (The rule is the same as that appli- 
cable to electricity). 

7. The mariner's compass is merely a magnetised needle 
placed upon a pivot. One end of the needle is constantly directed 
towards the north. 

8. At the present day iron or steel is magnetised by the action 
of electric currents. This is the principle of the electric telegraph. 

[Simple Subjects of composition are to be found at page 232.] 
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Weight and Density. 

168. Fopce of grsmrity. — I hold in my hand 
a small stone and a sheet of paper. I let botn go at 
the same time, and see, the stone has fallen straight 
to the ground, whilst the paper floats and oscillates an 
instant, but finally reaches the floor. What I have done 
with these two todies I might have done with any 
others : let go in the mV, they would inevitably have 
fallen to the ground. 

I will take the paper and the stone in my hand once 
more, only this time before I let go the paper I will 
crush it up into a ball, as small and as tight as pos- 
sible. There look ; this time the paper ball falls as 
rapidly as the stone, and both reach the floor at the 
same moment. 
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i. This is one demonstration of the fact that o/ll 
bodies fall unlh equal rapidity ; wfken tiilt'erences exist.! 
they are solely caused by the reaislajice of the "i*" J 
which is greater or less according to the extent ofT 
swrface presented to it, the greater surface of course 
offering the greater remlance. 

Sland forward, James, and hold oul your open hand 1 
(lig. 96). Here is a small Lall of lead. I will let it fall I 







inlo jour hand from tte height of about 3 inches. Thai 
does not hurt you, does it? — No, Sir. — Well, thii 
time I will hold it a yard high before letting it fall. — 
Ah ! this time I felt it more smartly, — Well, let us Irj 
once more. This time I will get upon the chair ani 
let it drop from twice the former height. — Ahl thi 
time it makes mv fingers tingle. — Then that is enough 
Now what should we conclude from this experimeai 
2. We must most evidently conclude that the lonoe_ 
the fall lastB, the greater force it acquires, or in ome 
words, the greater tliedistance through whicha fallM\ 
body has la pans, the greater is the rapidity attainei 

And this rapidity, when the hody falls from ag 
height, is so considerable thatone cannot see it pass. Fc 
instance, during the first second a falling body travel 
12 feet 9 inches; the same body, in 2 seconds, pasae 
through 43 feet; during the fifth about 138 fral; e 
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about 931 feel daring the lOth second of its fall. And so 
on, always augmeDling its velocilv more and more. 
Thus, were you to jump out of the school-room window, 
which is 3s feet above the level of the court-yard, you 
would do yourself no harm; whilst wen 
from the church steeple, which is 50 feet hig] 
would be broken on reaching the ground. 
109. The Tertical. — A body tfc 
ground follows no capricious irregular c 
Las not been thrown, it will always f'allh 
/mfjABilifr. 97) "' " 



1 you to fall 
1, your bones 

t falls to the 
. i. Ifit 
a straigbl 




ofihe water. 2. This line is called vertical. 3. In 
oraer to easily ascertain the vertical line, a somewhat 
heavy body is suspended to the end of a string; the weight 
of tho body causes the slriag to bang vertically. 4. This 
string with its heavy body ia what is called a plumb line 
(fig. 98). 

170. Weight of bodies. — This lime, James, 
pray hold out both your hands, do not be afraid ; I will 
noiJiurt you. I merely wish to put in one, A (fig. 99) a. 

Siece of cork, and In the other B, a piece of lead of oqual 
imensions. What difference do you find belweun those 
two bodies? — Oh ! Sir, the lead is much heavier than 
the cork. — Very well, but tell me what you mean when 
yoa eay it is ''heavier" ? — 5. Well, Sir, I think it is 
Viat I nave grealer difficulty in keeping it from falling. 

1. WiLBI dircrllon iI[»B falliug I *.WI>alaiiiii«bKiv<p loaninslrDiiiBaL 

bodjUka! — 3. WUillailaline of | cuustruclit loihowllilf T— 5, Whit 

dMcentcillfil? — S-HowmiiivFrli- i>reill) neinl wlmn ■* ur tbtlBUO 

ul lis* be emiW luertaincd * — | bodr U henlisr (haii inollierT 
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Exactly so. All bodies fall with equal rapidity^ 
but not with equal force. You could hardly bear me 
fall of the lead ball, I dropped from the height of 
2 yards a little while ago, whust you might catch this 





Fig. 99. — Sir, the piece of lead is much heavier than Uie cork. 

cork in your hand without harm were it thrown from 
the top of the house, a body that falls with greater 
force than another is said to be heavier, or weightier 
than another. 

171. Density of bodies. — All this is not so 
simple as it looks. Once more stretch out both hands. 
This time I put in them a little piece of lead and a little 
piece of cork. The lead is still the heavier, is it not ? — 
Yes Sir ! — Very well, but now I heap on your hand a 
great many pieces of cork, until your hand is full. Which 
IS the heavier now, the lead or the cork? — Ah I now it 
is the cork, but that is not astonishing, for it is ten times 
bigger than the lead. — Astonishing or not, that matters 
little. It is nevertheless true that the cork is now 
weightier that the leadi What can you say to that? 
— 1 . Ah ! Sir, to be able to compare the weight of the 
lead with the iveight of the cork, it is necessary that 
both be of the same size. 2. Quite right. We will 
then conclude that a body is "heavier", or " weightier" 
than another, or in other words that it has a greater 
weight than another, when it falls with greater force 
than the other, whatever be its volume : thus we say, 
a large cork is " weightier " than a little ball of leaa ; 
but when of equal dimensions one body is heavier 
than another, we may conclude that the heavier is 
" denser", the lead then, is " denser " than the cork. 

But it is not only solid bodies that have greater or 



1. What conditions ought two bo- 
dies to present if we wish to compare 
them ? — 2. When is it said that one 



body is heavier or weightier than an 
other? When is it said that one 
body is denser than another ? 



r 

f leas weiz 

I' l.A full 
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leas weizbL, grc&ter or \o»s density, here is a small bottlti 
1. A full of watenfiR. 100) and another B, of equal size 
full of mercury. Wei^h them in your hands as you did 
with ihe lead and the ^ ^ 

cork. What a difl'Drcnte 
there ia belwen ihem I 
And no wonder for a cer- 
tain volume of merewy 

is 13 -J limes heavier a. »alM. B. mercury. 

than an equal volume of Fig, im. — Tbe joDsitj of wii*r a 
fvater ; or to use another 7|f'f''f "' "'" "S"- '■"'"""J ""'"8 ' 
expression, the densili/ mercury 

ofmercwry is 13 ^ times greater than that of'Uiater. 
For convenience sake people have agreed upon taking 
water as the standard m this matter, the density of 
water then being one, that of mercury is 13 ^- or 13.6. 

2- In like manner it is said that the density of lead 
is n.4; tliat of gold 19.3; that of iron 7.8; that of ordi- 
nary stone, 2.7; that of glass, S.5 ; thatof oak wood, 0.6; 
that of wine 0.9; that ofpurc' alcohol, 0.8. 

Lastly gaaes also have weighty and different degrees 
of density. 3. Air is 773 limes less heavy than water; 
yet it weighs aomethinff, for a bottle full of air in heavier 
than one from which, by moans of an ail- pump, the air 
has been totally riiraoved. 

I7ie, Btdances, — You were easily able to tell me 
a little while ago, that the piece of lead was heavier than 
a piece of cork of the same size, and 
Ibis simply by weighing them in 
your bands; hut that was because 
the difference was very conside- 
rable. Yoii woidd not l)e able to 
detect slight differences. In such 
cases you must have recourse to 
instruments called Balances or 
scalea. There are several kinds ''■'^' ""■^,^4^"'''"''' 
of balances. The siraplesi and most 
in use ifig, lOl) are composed of a vertical" stationary 
rod AB and a horinontaJ' movable* rod DC, placed so 
that its middle lie exactly al tbe lop of the verlicjil rod. 
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At each end of this horizontal rod called the beam of the 
balance, two pans are hung. Wlien these pans and their 
suspending chains are exactly of equal weight, the 
beam remains perfectly horizontal *. So it remains if 
an equal weight is placed in each pfin. But if there be 
additional weight in one pan, the pan containing the hea- 
vier object will descend. 

With such an instrument one not only learms if the 
two bodies have equal weight, but the difference between 
them can also be ascertained. For this purpose the body 
whose weight you wish to know, is compared witn 
others of which the weight is previously known, and 
which are used as standards or units. The principal 
unit or standard in the metric system is the gra/mme^ 
the weight of a cubic centimetre of distilled * water. 

173. Ho^v to measure the ^veif^ht of solid 
bodies. — See, I put in one of the scales the body 
I desire to weigh, let it be this piece of lead, for instance. 
In the other I add weights until the beam become alto- 
gether horizontal. .1 nave then only to add up these 
weights to ascertain exactly what the piece of lead 
weighs. 

Tne balance I described was the common rather old 
fashioned balance, with the pans hung under the beam. 
Many other sorts exist, but we must leave aside the 
details of their mechanism. 

174. Ho^v to measure the density of solids. 
— Now if with the help of my scales and my piece of lead 
I wish to calculate this time, not the weight but the 
density of lead, I could also very easily do so. 

I already know the weight of this piece of lead (we 

shall call it P). If I knew the weiffnt of a volume of 

water equal to that of the lead I would but have to di- 

P 
vide P by j9 and the proportion — would give the den- 

sity of the lead. 

In the first place however the volume must be ascer- 
tained and that looks rather difficult on account of the ir- 
regular shape of the piece of lead. This difficulty will 
be easily overcome, by taking a vessel the capacity of 
which has been measured, and on which different 
measures are indicated by figures : this vessel is what 
is called a graduated gauge. I pour in water until.it 



I rises to I 
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rises to the number 100. Then I drop into the vessel 
the atoae; the waler rises lo 160, What is the volume 
of the slone, Master Paul? — Evi- 
dently as the slone takes up 60 divi- 
sions. 

Now I know the weight of the wa- 
ter that fills up those 60 divisions of 
the gauge ; I nave thus the weighlp; 
I measured P directly. The densily 



Iber 



— , that is to say in short 11.4. 



So the lead weighs proportionately. 
11.4 limes heavier than water. 

You see that the density of lead is ^'ii '£' T^Tr Jitil"', 
inferior to that of mercury. Strange "as at iM.mounu 
enough il is to see a piece of lead float 'nd'iJaiea iha'yo'inme 
on the surface of mercui'y as a cork oftiifliMdA. 
would do upon water. 

17S. How to meaflure the density &nd tJie 
weight or flaids. — 1. When we wish to weigh a 
solid, nothing is more simple : we pul it directly in one 
of the scales, whilst in the other 
we add weights until we balance 
both. 

2. In order to know the weight 
of a liquid, we put it into a ves- 
sel and weigh both together ; 
afterwards we ascertain what is 
the weieht of the empty glass, 
and dedurt its weight from 
that we found for the whole. 

3. Thus it is we ascertain 
that mercury weighs 13.6 times 
heavier than a equal volume of ^J- "": : 
water; consequently its density gj,. 
is 13.6. In like manner we find 
thai the density of sulphuric ether 
being alwavi^ taken as standard. 

The weight and density of gases a 
manner. 




s 0.7, that of water 
B ascertained in like 






■fiehi ot 1 liiniidt — 
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In the case of air, for instance, a bottle full of air is 
weighed in the first place ; then with an air pump which 
will shortly come under our notice the air is extracted. 
The bottle of course then weighs less. The difference is 
evidently the weight of the air extracted. The volume 
of the bottle being known the density of the air is thus 
deducted. It is 773 times lighter than water. 

176. Relation between temperature a.nd 
density. — When it is said that the density of gold is 
19.3, that of mercury 13.6, that of air 773 times less 
than that of water, it is necessary to specify that those 
measures have been taken at the temperature of 0® centi- 
grade. 

Do you see the reason for this, Paul? Do you know 
if a cubic inch of gold at 0° will weigh more or less than 
a cubic inch at 100*» centigrade? — It will always have the 
same weight, for it will always be a cubic inch. You are 
mistaken there, my child. Listen to this. 

Here is the cubic inch of gold. At the freezing point, 
it weighs so much. If I put it in boiling water, it will 
expand, as I have already told you. So it is no longer a 
cubic inch, but a cubic inch and something over. If I 
pare off this something over, it is quite eviaent that the 
weight will be lessened. So at 100® the cubic inch 
will weigh less than a cubic inch at zero. 

As liquids expand much more than solids^ the diffe- 
rences in their density at different degrees of tempera- 
ture are still more important. 

But these differences are nothing compared to those 
given by gases, on account of their excessive elasti- 
city *. One given volume centimetres of air at 0% tn- 
creases about a third part of its bulk at 100®. So 
the weight of a equal volume of air at 100® diminishes 
a third part. 

You can see by all this that it is quite indispensable 
when speaking of the density of gases and liquids to 
mention at what temperature they were measured. And 
to simplify things as much as possible, the tenaperature 
of melting ice is always taken as a standard. The only 
exception made is in the case of water, whose density is 
taken at 4° above zero. Thus, when it is said that a 
cubic centimeter of water weighs so much, you must 
know that it is at 4 degrees. For, strange to say, it is 
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at the temperature of k' that water attains it greatest 
density. 

Now I hope you all know with sufficient accuracy 
what is meant hy the weight and the density of a hody, 
and that you are also capable of finding both out. 

Pressure of Liquids. 

i77. Ontflow of liquids. — Let us go now 

into the garden, and see what we can learn from the 
humble water-butt. See I have turned the tap at the 
bottom and the water gushes 
forth, shooting out to a good 
distance. If you put your 
hand in the jet, you will find 
that the water comes out 
with no little force. 

1. As the cask becomes 
empty the jet diminishes 
in strength, {rom a(fig. iOk] Fig, lo'.. — Ab the cssfc becomes 

it 2068 back to b, then to C, ™ron'''»ni'''o'r/™trrl-om°alo?* 

ana finally the water would ' ""'^' '" *'"* 
fall almost straight down. But you know all that, so 
we will turn off the tap, as we shall require more water 
in a little time. 

Were I to ask you, Henry, what makes the water shoot 
out so, what reason could you give? Sir, it is the weight 
of the water in the cask, since the more water there is 
the stronger the jet is. It is the water that pushes. 

178. The pressure depends upon Its height. 
— Quite right, it is the water that pushes. But it is not, 
as you might believe, the whole bulk of the water, the 
quantity tliat there is in the cask has nothing to do 
with the matter : it is its beigbt tliat is important. 

Now let ua return to the schoolroom ; I will there 
demonstrate to you, with a very simple instrument, what 
I have just BBSerled. 

This instrument, which I made with my own hands to 
avoid expense, is composed of a tin lube AB (lig. 105) 

1. 1 turn OD > up plued al the I hipprng to Itan jet when the ctek It 
bottom of a butt full of w)t«rj «b>t I nearly emply* 
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well corked at the lower end. I have pierced in it a little 
hole, at.G, corked also for the time being. At A I have 
adjusted a second tube D much narrower than the first, 
and the whole is filled with water to a certain height. 
The instrument contains, as I have previously ascer- 
tained, 60 cubic inches of water, 10 of^which are in the 
tube D. I now withdraw the little cork, and the water 
springs out to a good distance, and reaches G, but it ra- 
pidly loses strength and falls near the tube : let us measure 
the distance, G. It is 8 inches. 

I cork the little hole again, and instead of the litde 





T 

Fig. 105. Fig. 106. 

Whether there be a simple tube AD, or a large funnel, the water flows to G, 
8 inches from F, for it is not the quantity of water that inflaences the 
force of the jet, it is its height thai is everyUUng. 

tube on the top, I put a large funnel D (fig. 106), and 

four in water to the same height as before. For this 
have required 300 cubic inches of water, 100 of 
which are in the funnel : so you see it contains 10 
times more than the little tube. George, when the 
cork is taken out, will the water spring to a greater dis- 
tance than it did last time? — Yes, Sir, as tnere is in 
the funnel ten times more water than there was in 
the tube, it will push ten times harder. — Well, you 
are wrong there. But puU out the cork and judge for 
yourself. Do you see, the water shoots no farther 
than 8 inches. Ah I the jet lasts much longer because 
there is a greater quantity of water : 1. but it has no 



1. I procure a simple tin tube, 
aud a funnel. What will become 
of the jet of water, that I allow 



to flow from (he bottom of the tin 
tube? 
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greater force than in the first case. You see, thetiy 
I was right in saying that height alone was impor- 
tant. 

Here is another proof. 

I have here a tube similar to the first, except that it is 
five times its length (fig. 107) ; 
it contains but half the quan- 
tity of liquid that was in the 
funnel. This I fix on my tin 
tube, and begin to pour water 
into it. But, bang, out flies the 
cork G before tne upper tube 
is half filled D, and the jet 
shoots at a distance of at least 
1 5 inches. What can be the rea- 
son of this ? It is, that the pres- 
sure of the water was so strong 
that the cork was unable to sup- 
port it, and yet there was less 
water than in the funnel a little 
time ago. 

179. ]IIea4siiiFe of the 
pressiire. — 1. This leads 
to the conclusion that the pres- 
sure of water on Hie bottom 
of a vessel depends only on 
the height of the water. So. 
if you pour water into a vessel 
(the bottom of which has a sur- 
face of one square inch) until 
it reaches the height of one 
inch the pressure it exerts is 
equal to the weight of a cubic 
inch of water. If the water 
poured therein reaches the 
height of ten inches the pres- 
sure exerted will be equal to the weight of 10 cubic 
inches of water, and that whether the vessel be tube 
shaped or like a funnel. 

Very evidently if the bottom of the vessel presented a 




Fig. 107. — The pressure -has 

made the little cork fly out. 

Although there is less water 
• in the tube than in the funnel, 

because the height CD is much 

greater. 



1. Why has the jet of water coming from the funnel no more force than 
that coming from the tube? 



surface mpasurinj; 2 square inches, the pressure woiild 
be equal to the weight of 2 cubic inches of water at an 
■h liijfh. of 20 cubic inches of water at the height 



of 10 inchrs. 




:' saEurally, eacli square inch of the 
surface of the boltom fluppoils on 
its own account an equal weight. 

A very simple experiment will 
show clearly the pressure of U- 
quids, and will give us at the 
same time its measure. 

I take the glass of a common 
lamp (iig. 108i, and put below il 
a bit of cardboard B, that His 
closely against it, I then plunge 
the whole in a veasel full of water. 
The pasteboard, which I kept 
close to the lamp- glass al first 
by a thread, remains in its place 
without any other help than the 
upward pressure eserted upon it 
by the water in the vessel. I then 
pour water into the lamp -glass, 
vessel ^^ ^°°^ ^^ '^^ water reaches the 
same level as the water in the vessel, 
the cardboard i.s displaced and falls to the bottom. 
This perfectly indicates ihat the pressure exerted from 
below on the cardlioard was equal to a column of water 
having for base the opening C of the lamp-glass, and for 
heii/IU that marked uA.. 

IBO. Influence of the denHlty of liquids. — 
Of course the greater the density of a liquid, the greater 
will bo the pressure of a column of thisliquid. There- 
fore it is evident that since the density of mercury 
is 13 J times greater than that of water, the pressure of 
a column of mcrciu-y 1 foot high will be equal to the 
pressure exerted by a column of water 13 ^ feet high. 

181. Elquilibriumof preN»)Hre. — Tuckupyour 
sleeve, Charles, and put your hand flat (fig. 109] at the 
lioltom of this pail of water. Do you feel anything? — 
The water is very rold. — That may be, but that is not 
what I want to speak about. Do you feel the water weigh 
on your hand. — No, sir, not at all. — And yet do yon 
think it ought to weigh? — Yes, of course, for my hand 



^I'i at tlip Ti 
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13 at tbe botiom of the puil. — Here Lten is something 
' new, the weight of the water is on your hand aud you do 
not feci it. 

But in the first place, measure how much the water 
should weigh on your hand. The height AB, of the 
water in the pail in 10 inches, and 
I suppose the surface of your hand 
takes up the space of 6 aquare in- 
ches. But in order to get on faster 
I will calculate in yoor stead. 1. So 
there is we-ighing down upon your 
hand a column of water measuring 
10X6 = 60 cuhic inches the weight 
of which presses down upon your 
hand, and yet vou are not conscious ' 

of it. 

Suppose now thai a liyh whose body "he nSrt^»riour'h"S' 
prosenCa a surface of 6 square in- 
ches swiraii 100 inches deep. It has to support a pres- 
sure eqiiivalenl to the wtight of 600 cuhic inches, and so 
on. fishes have been 
found iii the sea at sm h }i 

depths that eupposing the 
surface of their body to 
be 6 square tnihes, {he\ 
had tosuppoitthe n eight 
of 20,000 pounds (Sg. 
110). Twenty thousand 
pounds weight npou the 
body of a poor fish, and 
yet it is not crushed, it 
even has no difliculty in 
swimming. 

This 13 very strange is 
it not? And yel it is 
quite natural. 

How could ihc fish ]}•■ ' 
crushed? The body is 
composed of solids and 
litfuids, ana we heme se^i dial solids and HquuIs 







ilcil]»<« llie ii'x« 
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are almost incompressible, thence almost incapable 
of being crushed. 

— But, Sir ... — Well, what, Henry? say on. — Sir, 
you say that solid parts and liquid parts cannot be 
crushed ; yet only yesterday I saw our neighbour the 
blacksmith crush his finger under his hammer. The 
bruised part was quite in a pulp. It was horrible, and 
had to be cut ofif. 

That is sad indeed, poor man. But to continue our 
study, I must say that you are quite right to ask the 
explanation of things you observe, and I am happy to give 
the information you desire. These things are not easy 
for you to understand, and yet you must understand them. 
Give me your hand, and put it on the table just as the 
poor blacksmith had his on the anvil. There now; I 
will strike upon your finger with a hammer. Don't be 
afraid, I will only strike gently I Do you see how the 
hammer acts. It strikes only on the upper part of the 
finger, whilst the tabid is in contact with tne under part. 
But on the two sides of the finger nothing touches, 
or sustains them. — The flesh thus pressed hetween 
the table and the hammer, were I to strike forcibly, 
would escape sideways, as a cherry stone would shoot 
out between your fingers, and would thus tear open the 
skin ; the finger would then be crushed. 

But if there were all around the finger a resistance 
equal to the force of the blow of the hammer, there would 
be no crushing neither sideways nor endways, nor above 
nor below the finger. And as this resistance would be 
wanting only on the part where the finger is joined to 
the body, in that direction only would the crushing or 
bruise be able to exert itself. If, in its turn, the whole 
body were completely surrounded by resistance equal 
to the force of the stroke of the hammer, crushing could 
take place in no direction whatever, and the body being 
incompressible there would be no bruise. 

I make allusion, of course, to a body in which there 
is no gas, no air like that we have in our chest, 
which is very compressible indeed. We should be soon 
crushed to death, were we to be plunged 3000 feet under 
water, leaving drowning out of the question. Only what 
I have just said will allow you to understand now a 
£sb is not crushed to deal\\'m VW >Na.\ft\! notwithstanding 
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the enormous pressure that sometimes bears upon its 
body. 1. For the pressure exerts itself, exactly in the 
same proportion all over its body, so that there is no 
reason why any particular part should give way and 
be crushed. 



Pressure of the Air. 

182. Atmosphepfo presemre. — I have insisted 
on the case of the fish, because we are in a similar posi- 
tion, and like it pressed on all sides, bearing on oup 
body a prodigious weight that no more crushes us than 
water crushes the fish. Only this time it is not water 
with which we have to deal, it is air, 

2. Indeed, air weighs on us just as waterw eiglis on 
the fish. And this weight, of which you take no heed, and 
under which you run and leap so lightly, 
may be estimated for you children at 
about 20,000 pounds. 

Here is a very simple and amusing 
experiment that will give you an idea of 
the pressure of air. I take a wide-necked 
bottle, and a hard-boiled egg (fig. Ill) 
the shell of which has been carefully 
taken off. You see the egg fits nicely 
into the neck of the ])ottle. But we will 
not leave it there. I see you think 
this a very funny and not very scion- ^'^j \}jq ^Jj^^® ^^_ 
tific* looking experiment. But listen and latcd by the heat 
observe, and you will see the experiment I^Vde'a ?J?Sum u 
has more importance than you might at cooling. — it was 

f,i.of iTnacriTiP then that the at- 

niSl imagine. , , , , . mospheric pre»- 

I now introduce into the bottle a bit sure pushed the 
of burning paper , When the paper is ®||f *"*^^ ^^*^ ^^~ 
almost consumed, I replace the egg on 
the nock of the bottle. Wait a little now; you see the 
egg is sucked gradually down, and then all at once 
enters the bottle with a loud report. What has pushed 
i in? Simply the weight of the air. 




1. Why is a fish not crushed in 1 great would you suppose this pres- 
tbe water? — 2. What is the pres- | sure to be? 
sure that air exercises on us? I low 
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And how? You now know enough of physics to fol- 
low and understand my explanation. 

The burning paper heated the air contained in the 
bottle. The air expanded by heat, found no longer 
sufficient room in tne bottle, therefore a considerame 
quantity, perhaps one half was expelled and mingled with 
tne surrounding atmosphere. At that moment I placed 
the egg on the neck of the bottle, completely stopping 
up the opening. When once the bottle was a little 
cooled, the air it contained tended to return to its primi- 
tive volume^ which the heat had doubled. 1. In that 

condition it no longer opposed suffi- 
^ dent resistance to the outward pres- 

sure of the air, so the egg, soit and 
easily lengthened out, being unsus- 
tained from below and pressed upon 
from above, gave way under the effort 
of the external air, and was thereby 
pushed into the bottle. 

i 83 . The measurement of the 
liveig^ht of aip. — Another experi- 
ment may be made. Here is a ^lass 
tube about 3 feet long (fig. 112), it is 
solidly closed at one end by a cork 
well surrounded by sealing wax. I fill 
this tube with water; then with my 
finger I stop up the open end, and invert 
it into a glass filled with water. I with- 
draw my finger, the tube nevertheless 
remains full. The water does not fall 
into the glass, but remains as sus- 
Fig. 112.— The tube pended, 3 feet high in the tube, 

'.'tT're'malisTu'ii What Can thus Sustain it? 2. The 
of water, and does pressure that the air exerts upon the 
?he7uss.'-^^u surface C of the water in the glass, 
would be the same and Consequently upon B at the under 
u'yaJds'hlgh! """' surface of the column of water, but it 

cannot on account of the cork exert its 
force on the upper surface at A. The proof of this is, that 
if the cork be taken away the whole contents of the tube 




1. Why does an egg sink in a bottle 
in which a vacuum has been made? 
— 2. I place in a glass of water a 



tube full of water, the water does not 
run out. What prevents it ? 
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will run out and pass into the glass, as it is easy to 
show you. 

If the tube were 2, 4, 6, 8, 10 yards long, the result 
would be the same. 1. But were it longer, 12 yards for 
instance, we should find that the water poured into 
it would not stand higher than about 33.8 feet above 
the surface of that contained in the vessel into which 
the tube is plunged, 

2. This very evidently shows that the pressure of 
the air, or to i*se the expression em- 
ployed in physics, the barometric 
pressure is capable of holding in 
equilibrium a column of water 33.8 
feet high. 

But it would be no easy matter to 
construct or to handle a glass tube of 
this dimension, and I do not think in 
schools, at all events, experiments will 
ever be made with such instruments. 
In fact there is no reason why this 
should be, for we have a better way of 
going to work. 

i 84. Barometer. — We have as 
you will remember at our disposal, an- 
other liquid, mercury, whose density 
is above 13 times greater than that of 
water. It is then easy to conceive that 
a column of mercury 1 foot high, for 
instance, will be the same weight 
as a column of water of the same Fig. 113. — a column 
diameter and standing 13.6 feet high, stands suii at 
high. Therefore, to have me equivalent the atmospheric pres- 
weight of a column of water 33.8 feet *'"'^** ««r<*»s»e at . 

33 8 
high, a column of mercury of ' . = 2 feet 6 in- 

1 o.D 

ches would be required. 

A tube of this dimension is manageable, and we will 
forthwith set to work and see if our calculation gives us 
the result we expect. I will take the tube we were 
using a little time ago, and in order to be sure of the 




1. If my tube full of water had I have happened ? — 2. What does 
bePi twelve yards high, what would I that imply? 
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Stopping of the upper end I will close it (fig. 113) 
by melting the glass in a strong flame so as to fuse 
it up. 

Tnere, it is all right, and the tube cooled. I now pro- 
ceed to fill up the tube with mercury , and, as I did a 
little while ago, will stop up the opening witii my finger 
and immerse it in a glass B containing also some mer- 
cury : immediately, some of the mercury runs out of the 
tube, so the column sinks and stands still at a certain 
point. Hold the tube erect, Henry, while I measure at 
what height the mercury stands above the level of the 
mercury in the glass. 1. / find it to be 2 feet 6 
inches, just what we found by calculation. 

2. This tube full of mercury is what is called a baro- 
meter, from two Greek words, baros weight, metron 
measure. 

185. Relation bet^ireen tlie lieigpbt of the 
barometer and the altitude * of placsesi. — 3. 
If, instead of making the foregoing experiment here^ in 
this low lying country, we had gone to fill our tube with 
mercury on the top of some mountain, the coly/mn of 
mercury would not have stood so high. At the top 
of Mount Blanc (5243 yards) it would have fallen to 
16 inches and a haK. In the Balloon ascent of the 15 
April 1875, in which two Frenchmen, Sivel and Grocd 
Spinelli, lost their lives from asphyxia, at the height 
01 9370 yards, the mercury fell as low as 10 inches. 

4. And this is quite easy to understand, since, evi- 
dently the higher one rises, the less air remains over^ 
head ; consequently the less the air presses down^ the 
less power it has to sustain a column of mercury-. 

Thus you see that the height of the barometer is not 
the same in all parts of the world. Besides, it varies 
in a given place according to different circumstances, 
especially in unsettled weather. 

186. Value of barometric pressure. — If we 
then consider that the mean pressure, at the level of 



1. I replace the water by mercury, 
how high a column of mercury can 
the atmospheric pressure sustain ? 
Why? — 2. What name is given 
to an instrument thus constructed ? 
— 3. What would have happened 



if instead of filling the tube in a 
low lying country, it had been filled 
on tne summit of Mount Blanc ? — 
4. Explain this diminution in the 
height of the barometer. 
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the sea, is able to support a height of 2 feet 6 inches 
of mercury, or 33.8 feet of water, we must conclude that 
each square inch of surface bears a barometric pres- 
sure equal to the weight of about 15 lbs. This is what 
is generally expressed by the words an atmosphere 
of pressure. 

Let us apply the knowledge .of this fact to the experi- 
ment we made with the bottle. The heat had expelled 
about the half of the air ; therefore after cooling, the egg 
was pressed upon by all the weight of the air, by a whole 
atmosphere, and was upheld by only half an atmo- 
sphere, that is to say that the total pressure was half 
an atmosphere, or 7 ^ lbs to every square inch of the 
surface oi the opening of the bottle, evidently much more 
than was necessary to push the egg into the bottle. 

It has been calculated that when the air is heaviest a 
man of average stature sustains a weight of about fifteen 
tons, which ne does not even feel for reasons similar 
to those applied in the case o£ the fish in connection 
with the pressure of the water. And as the air is, by 
the mouth, in communication with the chest, we can- 
not be crushed. When one ascends to the top of 
Mont-Blanc, the pressure is about 8 lbs. per square inch. 
But that does not matter, since everything is in equi- 
librium, and the difference is quite unfeit. The dis- 
agreeable sensations and weakness that overcome 
travellers on high mountains arise from another cause. 
I shall have a word to say to you about this after- 
wards. 

And now I hope you all understand weighty den- 
sity^ and pressure. You should also know how to 
measure them, what a balance or scales are, and also all 
about the barometer. These notions are all most im- 

Sortant and if you have properly understood them, many 
ifBcult things will be but pastime for you. 
187. Balloons. — As I already told you at the 
beginning of our lessons on weight, all bodies fall 
towards tne ground, unless something keeps them up. 
I should not have been astonished had some of you inter- 
rupted me at that moment, nobody did so however. 
I must not allow those statements to pass without saying 
something about the little air balloons bought for chil- 
dren (fig. 114), and which have to be held by a string to 



keep them from flyiog away ; you might also haye 
mentioned the real large balloona (fig. 115) that rise 
in the air and are able to carry away in their cars 




several men. These are exceptions, are they not? Well 
no, they are not exceptions. 

Do vou remember anything else that rises when let go, 
instead of sinking ? No, nothing at all. Gkorge, come 
here to me ; take this cork, put your hand down with it 
to the very bottom (fig. 116) of this pail of water, and 
once there let it go. — Ah ! Sir, it is not worth while, I 
know very well the cork will come to the surface. — ! 
you should have thought of that immediately. Yes, it 
will come to the surface, but for what reason? 

Which is the less dense, the cork or the water? — The 
cork, since it rises 1 — Yea the cork is less dense than 
water. The cork then weighs less than an e^ua/uolume 
of water, that is to say, it would fall with less force. In 
consequence, if you let it go when under water, the 
water immediately above it will fail with greater force 
than the cork can, and so going below the cork will 
push it upwards. And this will go on, until finally the 
cork comes tn the surface. 

Let us make the experiment, but with a sligfat alter- 
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stioni Befnre putting tin? cork under water I atitk into 
it a pretty largo nail, t.Lerc now. You see ihfl cork 
comes up, nail aod aU. But if I add another nail, and 
let tbe cork go mid-way betiveen the bottom and the 
surlaca, il not only does not rise but sinks slowly 
down. 

Well, it is jusl tbe same ihin^ with the balloon, 
1. Tlio balloon is a kind of bag containing gas, lighter, 
less dense, Hum air. Sometimes it is heated air, some- 
dmes tbe eaa we burn. Tbo balloon rises through the 
air just like the cork through the water ; and as the 
latter was ahlfi to carry along with il a nail, the balloon 
can carry with it a car and men. 

You see vou r.an understand this very Misily, it seoms 

auitfi simple W you. Why? — Because you know what 
enaity i.s. 
188. Application or the ppinciple of atiufi- 
HiiliepicpFeHHure. — Icaashowyouanotherapplica- 
tionof theprinriples wi' havp learned to understand. On 
the Burfflre of the WHttir in ray basin T (fig. 1 17) I put a 




mcc6 of cork, and on the cork a piece of burning paper. 
Thanj over tbe cork and the paper linvertan empty glass, 
which I push gently down into the water ; big bulibles of 
air immediately escape from under the glass, and the 
paper ceases to burn. Soon after, yau see the watffr 
rise in the glass so as to almost pit it up to AB. Paul, 
can you explain this?— Yes, Sir, I think so. The 
mper, burning under the glass, heated tho enclosed 
air and caused it to expand, so that all of it could no 
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longer remain in tho glass, some escaped in bubbles; 
then the air cooled down and contracted, allowing the 
water to rise in the glass and lill up the space left vacant. 

— Very woU, hut what forced up the water? — 1. The 
atmosj)heric pressure that weighed upon the surface 
of the water in the hasin. 

Now look h(»re, I incline the glass in the water so as 
to fill it. 1 then lift it (lig. 118), and yet the water does 
not fall, how is this ? — Sir, you have made a sort of 
baromet(»r, and the water remains in the glass for the 
some reason as the mercury in the tube of the barometer. 

— Ah ! very well answerea. 

189. Cupping g^lass. — Again I resort to my 
glass, which has already helped me to show you so 
many wonderful things. This time I light a piece of 
paper in it, then I apply the mouth of the glass to 
my arm (lig. 119) being sure that the edge fits nicely 

on the skin all round. The pa- 
per immediately ceases to bum, 
and iTL a few minutes my skin 
swells out and is sucked into 
the glass. It holds even very 
Fig. 119. - The burning paper f^^t, and I should have croat dit- 

has produced a vacuum in ^ , ".^vi ^oa^v»Y"^ """" B*^*' *^" 
the glass. My skin pressed by UCUlty ll I Wished tO pull it off 

?rtiu?ir"o -"^ irA'i f °°e?' ^"*jf \ ^^^^&%^ the 

to fill up the vacuum. least bit 01 the edge it comes on 

quite easily, and altogether as 
soon as the air gets in. You see clearly that this is just 
what happened with the water in the preceding experi- 
ment. 2. The heated air has been expelled from the 
glass by expansion^ and when what remained had 
cooled down, its contraction formed in the glass a 
partial " vacuum " which the skin weighed upon by 
atmospheric pressure tended partly to fill up, 3: This 
last experiment was once much used for medical pur- 
poses, the glass in this case takes the name of cupping 
glass. 

190. Pumps. — See here is a little ear syringe, full 
of water. I hold it vertically dipping in the basm, and 
empty it hy pushing down the rod. Then I slowly draw 




1. What causes water to rise in a 
glass in which a vacuum has been 
made? — 2. Why does the skin in 



part fill up a glass in which a va- 
cuum has been made? — 3. What 
name do doctors give this operation? 
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heric pressure exerU 



upthe rod again (iiff.iao), whal is the result, James? — 
TKewater rises inlhe syringe. — Why? i.. Because' ihe 
piston fits well, and the almoi ' 
tlself on the surface of tfie 
ivnler in the basin. This 
alao is (in (he same principle 
as the barometer. — Well. 
And how far could the water 
ihus rise in [he syringe? — 
To the tup. And if the 
syringe were several yards 
long. — 2. Still to the top, sir, 
tmiess the syringe were lon- 
ger llutn 33.8 feet in which 
case atmospheric pressure 
wouidnolbeatro?igenouiih. " 

— Quite right, my child. 
Now the whole theoi-y of '''*„d''"-,^'^^''m^"|'/„i" "'°„l°uiS 
prnnps is contained in what tial'm ihn liuleMrajripeB.'^"'* 
we have just seen. True, 

there are many kinds of pumps, and their acdon seema 
somewhat ramplicaled : m reality howevftr it is simpler 
than it looks, for all pumps are merely syringes more 
or less improved and perfected. 





3. AmongHt these pumps, one is very curious and is 
used to exhaust from a vessel A {fig, 121), not water 
but air. This is what is called the air pump, or 
pneumatic machine, and with its help m' 
experiments can be made. 



b 



Bill before leaving physics, I have fltill something 
more to say to you. 

101. Level of liquids. Let ua return to oar watei- 
cank in the garilnn, which you remember we left half 
full of water. I aflix lo th« tap with a bit of guttapercha 
tube, the long glans lube (fig. 1S2) with which we made a 
barometer and which this time I have opened at both ends. 
There now, while I hold my tube vertically alongside 
the cask I will open the tap. George, what will the water 
do ? — It will rise in the tube. — How high ?.-— I think 
it ought to rise lo the same height as that in the water 
cask. — Quite riglit. See the tap is open, and the water 
rushes into the tube; it stops at A, exactly the same 
h^gkt as the water in the cask, or as people say, on 
a level with it. 

1. Thvs water remains at the same level in allves- 
sels communicating with each other. This level is 
perfectly horizontal *, and the plumb line which ia ver- 
tical', falls quite perpendicularly upon it. 

192. Fountains. — 2. It is to reach the level of 
the reservoir R (fig. 123) placed on the little tower, that 




>irl; M the height of Ibe wi 



the water springs out of the fountain in the squire's 
garden. It cannot however quite reach the height of the 
reservoir, because the air offers a certain resistance; 
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but if a tube were placed upon the mouth of the fountain 
the water would rise exactly to the proper level, as it 
did in the tube fastened to the tap of our water cask. 



SUMMARY. — Weight or Gravitation. 

1. CirawitatioD or falllDg of bodies (p. 207). — All bo- 
dies fall with equal rapidity. 

2. When apparent differences exist, they are owing to the resist- 
ance of air. 

3. The greater the length of time a body falls, Iho more rapidh 
does it pass through space. 

4. A falling body always follows a straight line called the ver- 
tical; which is perpendicular to the surface of water. 

5. The plumb-line shows the vertical direction. 

6. The weight of a body is the pressure it exerts when kept 
from falling. 

7. Density (p. 210). — The density of a body is the weight of 
a given volume of this body as compared to that of a like volume 
of water. 

8. The density of water then is said to be 1. 

9. A given volume of mercury weighs 13.6 times heavier than 
an equal volume of water : its density is said to be 13.6. 

10. A given volume of iron weighs 7.8 times heavier than an 
equal volume of water : its density is then 7.8. 

11. A given volume of sulfuric ether weighs 0.7, taking water 
as the standard : its density is 0.7. 

12. In order to ascertain the t(^et(;/i^ of bodies, balances or scales 
are used. 

13. In order to ascertain the density of a body, the weight of 
(he body must be divided by the weight of an equal volume of 
water. 

14. The density of a body diminishes when its temperature is 
raised, because the body expands. 

15. Pressure of liquids (p. 215). — The pressure a liquid 
exerts on the bottom of a vessel, depends only on the density of the 
liquid and its height in the vessel. 

16. A tube containing a liquid may have an equal diameter from 
top to bottom, or it may be widened out like a funnel, the pres- 
sure on the bottom will remain unaltered. 

17. A flsh whose surface measures 6 square inches, swimming 
100 inches deep, supports, calculating by the above-mentioned law, 
a pressure equivalent to the weight of 600 cubic inches of water. 

18. The reason why the flsh is not crushed is, that it is equally 
pressed upon in all direclions at once, and that the solids and 
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liquids tliat compose its body are incompressible and consequently 
cannot be crushed. 

19. pressure of air-barometer (p. 221). — Air weighs 
upon us just as water upon the fish : 

20. Tho pressure of the air can sustain a column of wate 
33.H feel high. 

21. For «rrealer facility, mercury is used instead of "water, mer- 
cury being 13.6 times more dense that water. The height of a co- 

unm of mercury kept in equih'brium by atmospheric pressure will 
thembe 18.6 times, less 2 feet 6 inches. Barometers are thus made. 

22. Tne height of the column of mercury diminishes, if it be 
carried to the summit of some mountain or taken up in a bal- 
loon. 

23. It is under the influence of atmospheric pressure that liquids 
rise in pumps, siphons, etc. 

24. Communieating vessels (p. 230). — In vessels that com- 
municate with one another, the water stands at the same level in 
all the vessels. 

25. It is in virtue of this principle that the water of a reservoir 
in an elevated position, after having descended, rises again to its 
former level, be it in the form of a fountain oi; projected by a 
watering pipe. 



SUBJECTS FOR COMPOSITION. 

1'* composition (p. 148). — The three states of bodies. — The 
three states of water, of zinc. — Are gases easily compressed? 
— Application to air. ~ Can liquids and solids be easily com- 
pressed ? 

2"* eompositlon (p. 149). — Evaporation. — Ebullition. — 
Distillation. 

S'^'' composition [p. 152). — Give an example of the e.xpansion 
of solids under the influence of heat. — Liquids — gases. — Excep- 
tion in the case of water. 

4*'' composition (p. 155). — Construction of thermometers. 

5** composition (p. 159). — Wood, charcoal, air, bad conduc- 
tors of heat. — Why our clothing protects us against cold. Whv * 

the handles of tools that are put into the fire are surrounded by 
wood. 

O"* composition (p. 161). — Force of the steam of boiling 
water. — Application of this force to machinery. 

7** composition (p. 165). — Velocity of light. — Reflection 
upon mirrors. — Apparent breaking of bodies immersed in water. 

8'* composition (p. 168). — Concave lenses, convex lenses. — 
Focus of a lens. — Microscopes. — Spy glasses. — Spectacles for 
near-sighted people, spectacles for long-sighted persons - 
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9*^ eomposltloD (p. 173). — Dispersion of light. — Solar 
spectram. — Why the paper of your copy-book looks white. — Why 
ink io^ks black. — Why a soldier's coat looks red. 

10*^ eompcMiltloD (p. 177). — Vibration of bodies. — Air a 
propagator of sound. — Rapidity of sound travelling through air. — 
Do liquids and solids transmit sound? — Echo. 

11*^ eomposltlon (p. 181). — Stringed instruments. — Wind 
instruments. — Deep, grave sounds. — Sharp, acute sounds. — 
The la of the tuning fork. 

12'^ eomposUlon (p. 186). — Vitreous or positive electricity. — 
Resinous or negative electricity. — Attraction and repulsion. — 
What is meant by insulating bodies, 

iZ*^ composttloD (p. 190). — Power of points. — Lightnmg 
conductor. — The two kinds of lightning. 

14'^ eonip«MiltioD (p. 195). — Electric batteries and piles. — 
Effects of electric currents. 

15*^ compiMiitloii (p. 200). — Attraction of iron by the magnet. 
— Magnetic attraction and repulsion. — Mariner's compass. — Na- 
tural magnets. — Artificial magnets. 

16'^ cfNupositlon (p. 209). — Weight of bodies. — Density. — 
How to ascertain both weight and density. 

17'^ eomposltloD (p. 218). — On what depends the pressure 
of liquids on the bottom of the containing vessel. — Proofs. 

18*^ composition (p. 221). — Atmospheric pressure. — Value 
of this pressure in water, in mercury. 

19*^ coinposlUon (p. 227). — Application of the principle of 
atmospheric pressure : a glass full of water inverted in contact .with 
a vessel of water and yet is not emptied ; cupping-glasses, pumps. 

20^^ composltloii (p. 230). — Water remains at a common le- 
vel in a series of vessels which communicate. — Applications. — 
Waterworks, watering pipes, distribution of water through towns. 
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Fundamentals . 

193. Differenoes between physioftl m»i 

chemical phenomena. — I hope you have under- 
stood and kept in mind, my dear children, what a che- 
mical phenomRnon is, compared with &physical pheno- 
menon. 1. In physica, one can always recover in iti 
primitiTe form the body experimented upon. If heated, 
it cools ; if electrified, it loses its electricity ; if set in vi- 
bration, it subsequently comes to rest; if melted, it 
becomes solid again; if dissolved, it reappears when 
the liquid evaporates. 2. This is far from being the 
case in chemistry : the bodies that have been experi- 
mented upon are totally changed, 
in fact they give rise to other 
bodies in which you could never 
directly recognise the primitive 
ones. 

See here is some sulphur; 
taken off those matches ; it is a 

Jellow, solid body, almost ino- 
orous. 1 set it on lire (£g. I), it 
; burns and disappears ; but in 
I coming near it you feel an intense 
■ acrid smell that makes you cough. 
3. This odour is caused by the 
escape of a gas. The sulphur exists colourless in this 
odorous gas ; you would never have fancied that, I am 

4. The sulphur in this gas is not alone; it is com- 
bined, as is said, with another body, which we shall 






ofEuljihur?- *. Do«th< talfha 






i one! — 3. What 
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shortly hear about. And the product of that comhina- 
tion is this gas. 

This is the real distinction between chemistry and 
physics. In physics, one considers one body only; 
in chemistry, there are always several present. 

Here is another bit of sulphur ; let us put it on the blade 
of this old knife and heat it above the flame ; we^ must 
take care to avoid its taking fire. 1. You see it be- 
comes liquid ; yet it is always sulphur, and sulphur 
alone. The heat becomes greater; the little drop of 
sulphur grows less and less, and in a short time will nave 
quite disappeared. The sulphur is volatilizing, it be- 
comes a gas; but it is always. sulphur, sulphur only, 
2. The proof is, that if I hold a cold plate above it while 
it is thus volatilizing (fig. 2) , you would see deposited there 




Fig. 2. — The sulphur, that we cause to evaporate^ remains sulphur : 

a physical phenomenon. 

very small yellow grains, those grains Kv^pure sulphur^ 
what is called flour of sulphur : the sulphur has been 
distilled as water would have been, that is all. 

It is altogether different when I set fire to .it. The 
gas thus formed is not pure sulphur ; it would not be- 
come solid on a cold plate. 

You felt no smell when the sulphur volatilized, but this 
inflamed gas brings tears to your eyes and irritates your 
throati 

194. C^ompoiind bodies. — This gas is then 
not simply the vapour of sulphur. It is as I have 
already said, sulphur combined with another body. 
This other body was in the air, and had it not been 

1. In carerully melting sulphur I prove that what is produced is sul- 
what takes place? — 2. How do you | phar only? Is it a phenomenon? 
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This seems to astonish you, Paul. — Why, yes, Sir, 
for we know air well enough, and it is a gas. Every- 
J)ody knows it, and it is called one of the four elements; 
certainly it is a simple body. — And water also, in 
tliat case? Water also, yes. Sir. — And the earth also? 
— Oh no, we know that the earth is not a simple 
body : — Well, my child, let me tell you that the word 
element has led you astray, for neither air nor water are 
simple bodies. 1. Air is a miiclure of two simple bo- 
dies ; water is a combination of two simple bodies. 

1B6. Differences betmreen a mixture and a 
combination. — Please, Sir, what difference is there 
between a mixture and a combination? — Oh, that 
can be most easily explained, but I prefer giving you 
an example. 

See, here are some very fine iron filings, and there 
some flour of sulphur; I mix both together and 
shake and stir them carefully. 2. You cannot at present 
distinguish the one from the other, so well are they 
mixed, yet they are but mixed. The proof is that 
you can easily separate them, 3. You have only, 
for instance, to blow gently on them (fig. 5), the sul- 





Fig. 5. — By gently blowing you can 
separate the flower of sulphur from 
the iron filings : mixtuve. 



Fig. 6. — The magnet attracts all 
the fllings, and leaves the sul- 
phur : mixture. 



phur being by far the lighter will be blown away, whilst 
the iron will remain. 4. Again, you might apply a more 
scientific method : take your magnet and pass it slowly 
quite near the mixture (fig. 6), all the filings will be at- 



1. What is air? What is water? 
— 2. Is there a mixture or combi- 
aalion wbea 1 mix iron filings with 



flour of -sulphur? — 3. Prove that 
there is only a mixture. — 4. Give 
another proof. 



■ffSfted, lea 



FUNriAMENTALS. 



ily the sulpl 
]led, a phei 




:, leaving o 
, merely Jieen miB^ 

On ibe iiomrai'y, let us i; 
i in this broken vessel, inlai 
1 1. In a few mitiules yon 
J sw a. great loovemenl. 
I takes placi! ; th» litlic 

massgrows hotter, swells 
I up anil hecomsB blackish. 
', Jt now neither resem- 
i hies sulphur nor iron. 
I a. Thnso Iwo hoJisB are 
I not merely micfited as 

thiiy were a little ago t 

they are combined, and 

have formed a new body, 

which chemists rail siilpliiile of iron. Tliis time wo 

we in presence of a chemical pneaomenon. 
I There is another great difl'ei-ence hetwuen a mixture 
I and a combinalion. 

I 3. 1 may mix sulphur and iron ia no matter whul 
j proportions. I can add one jiiirt, two or three pai-(s of 
) sulphur, or more. The mixture will simply be more or 
i less rich in solphur. 
\ In a combination this is impossible. In order to 

have the combinalion of iron and sulphur I add 4 grains 
; of sulphur to 7 grains of iron: the whole combined 
; weighs of course 11 grains. That is not astonishing. 
' But had I put together 5 grains of sulphur and 7 of 
j iron, the sulphide of iron resulting from the combination 
rwould notwithstanding have weighed only 11 grains : 
; 1 grainof sulphur would have remaineil unemployed, 
I pure sulphur as before. Likewise had I put 8 grains 
jof iron, one grain of iron would have remained over, 
^ and would not have combined with the rest. 
( 4. Thus, combinations are unlike mixtures in this, 
Jthal they are not indefinite or irregular; they cannot bo 
lobtaineawiihvartouBdegi'eesofairenglh. S.Forinslanoe, 
fio the case of sulphur of iron, no matter what r(uanlity of 
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iron and sulphur you mix together^ the sulphate of 
iron obtained will always contain 4 of sulphur and 7 
of iron. The jiroportion is, as chemists say, definite^ 
or determinate, 

I shoujd like to see now if you have properly under- 
stood me. 

Here is a glass filled with wine and water in about 
equal portions. Is this a mixture or a combination? 
1. It is a mixture, Sir, because one can add to the wine as 
much water as they like, it will always mix perfectly. 
— That is right, or in other words there is no defi- 
nite proportion. Very well. What do you think, Paul; 
you do not seem convinced ? — Sir, what puzzles me 
IS, that I do not know how I could separate the wine 
from the water as you separated a little while ago the 
sulphur from the iron. I should have thought that the 
wine and water were combined. — 2. Not so, my 
child, for one distinctive character of the combination 
is, that each of the bodies entering into it loses all its 
qualities, whilst the new body possesses new qualities. 
Recollect the sulphur and the iron on the one hand and 
the sulphide of iron on the other. In this glass, can 
you not recognise the wine and the water? Has the 
liquid acquired qualities belonging neither to wine nor 
to water? Assuredly not. Then it is decidedly a mix- 
ture, and not a combination. 

3. This said, I will proceed to demonstrate that air 
is a mixture of two gases called oxygen and nitrogen; 
whilst water is a combination of two gases : oxygen 
and hydrogen. These are strange enough names. I 
will hereafter explain them to you. 



Composition of Water. 

We will begin with water, ^ For one reason, because 
it is the most curious. Is it not strange indeed that 
this pretty limpid liquid should not in tne first place 
be a simple body, and secondly that it should be com- 
posed oftwo^a^es? Yet so it is. 



1. Do toMie and water form a 
mixture or a combination? — 2. Prove 
that wine and water form a mixture. 



— 3. What are the two ^ascs thai 
are mixed in the air? — What two 
gases are in combioatioo in water? 



187. iVnalysis by (he electric pile. 

have ncil forgotten ihe mdimenlary el«ctric 
lade with pennies, and disfs of t- loth and zine 
inegar. I haw marie for this day's If ssor 

like It, which 1 have 
d together so 83 

to make use of the 

force of all of them 



ato 



. lii 




morse the two poles 
in this glass ol wa- 
ter, which has been 
etiehtly salted or 
acidulated to allow 
iltci conilucl electri- 
city with greater fa- 
cility: l.Afterafew ,.^„,,„j,„, 
moraentsyoii will see 

tiny bubnles of gas forming on each pole, and rising to 
the surfiLce j you have doubtless already observed also 
Ibst these bubbles are Act equally numerousat both poles. 
2. The two gases thus set at liberty are oxygen and 
hydrogen, the latter 
being the one that 
gives the greater 
number of bubbles. 
Let us endeavour 
to catch sorao of 
each. For that pur- 
pose I take two small 
glass tubes CD (fig. 9) 
closed at one end; 
I fill both with water, 
and placi- one over 
each of the polos. 
The gas rises in each, 
but with greater rapi- 
dity in tlie tuba D which receives the hydrogen, than in 
^elubeCwbich receives the oxygen. 3. Il is easy to see at 

1. Whal !• 
M» iVfOill} oil 
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a glance that the quantity of hydrogen discharged t8 about 
double t/iaIo/'oa;«/^en,or,toBpeakmorepreciBely,thatther8 
are hvo volumes of hydrogen for one volume of oxygen. 
Theas gases are tjie result of the decomposition of wa- 
ter. If we had at our disposal a stronger pile, we could 
thus decompose all the \^'ater in our glass ; and that 
wnuld giye ui< a pretty quantity of gas, I can assure you, 
for it has been asceitained that each cubic inch of water 
^ives 1240 cubic inches of hydrogen and 620 cuhic 
inches of oxygen. 

198. Hydrogen.— Whilelhave been speaking^ the 
ganes have almost filled up our little tubes, especially 
the one containing hydrogen, and I will withdraw it from 
the water, stopping up the opening with mv finger. Here 
it ia. Ihfild it wim the opening downwarflfs : Paui, will 
you light a match? All of you, 
be attentive. We had better 
go into a dark room (6g. 10). 
, ^ . Therenow. I bring the lighted 
^3^ "' <^ match close to the opening and 

^^'- T] take away my finger. l.Putfl 

"a little noiso and a pretty pale 
flame, giving so famt a light 
that scarce should we have seen 
it in the daylight. 

2. Hydrogen is then, as you 

Fig. 10. — Poff 1 a liiue noia*. See, an inflammable gas, as 

Mn ^s''iiren'''an'' InflammoWe chemists sav, that meaos, a gas 

■nd ecpiosiiie gas. that Can take fire. 3. And if 

instead of having a small tube 

we had used a large flask of it, we should have caused 

a real explosion. 4. Fortunately there is no hydrogen 

in the air, or else there would be no means of kindling 

fire without blowing every thing up. 

5. Unfortunately however such accidents frequently hap- 

Sen in coal mines, where a gas, a near neighbour to hy- 
rogen, fire-damp, sometimes issues from the coal. 6. By 

l.WbaUat«9 place when a lif^ihlerl *. Tu wliat danger ahoiild we bi 
Kilh bydrogen? — J. What oame is — 5. Tu the proMnce of what gaa 
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(npHiJently smoking or bj opeBing iheir safftty lamps, 
oillBrs set fire to (his gas. and fearml exploBions are [be 
esult (lig. 11). 1. Anather near relaltTB of hydrogen 




the gas we hurn, and with which our slreels and 
e lighted (fig. 13) ; it is metde Tmm coal, and 





■nMbar m-ighlTuur to hsdroBBn, 
Ud iJ» pr*«Bt8 dingnrs from 



n piuiis from rcservoira, yields iis In- 

ialculable n'ei-vices. 2. It also is explosive. 3. lU 

", howiivei', betrays lis 

;7 — 1. WhM dinger dow ll 
intf — S. Ho* -lo ■» khSK 



(when ponvpyed i 



Itrong «nd disa^reeahle ! 
I I. KvM tnutbxr artt neigbbnnr 
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presence and warns people of danger. 1. On the coii- 
trary hy drogen whan pureha.^ no smell whatever, neither 
has fire-damp, and this is one of its great dangers. If 
chemists had boon al)le to find out an inodorous gas for 
common use, as many tried to do, there would he no 
means of living with it, explosions would take place and 
houses ho set on fire daily in all directions. 

Hydrogen has still another characteristic. 2.. It is 
extremely light, 14 times lighter than air. 3. For that 
reason it was once much employed to fill balloons [^g. 13). 
4. Only as it cost a great deal to prepare, common gas 
is generally sul)stituted for it. 5. The latter is much 
heavier, or rather it is less light, since it is but 3 times 
lighter than air; from this it follows that to be able to 
lift the same weight, the balloons must be much larger 
when filled with ordinary gas than when filled with pure 
hydrogen. 

199. OxyjK^en. — But this is enough about hydrogen. 
Let us now look at our other tube G (fig. 9), which is 

almost full by this time : as ^'e 
have already said, this one con- 
tains oxyaen. You see it has no 
appreciable colour, no more than 
hydrogen or air. If I had enough 
to let you smell it, you would find 
it has no odour either; only as we 
possess but a very small quantity, 
we must economise it. I will 
forthwith show you its principal 
Fip. i/». — The match lights characteristic. 

in the oxyf3:en, this gas then Paiil rirav liffht a matrVi Nnw 

keeps up combu8tio7%. , , ^ ^^h P^ay ngni a maicn. mYi 

blow it out, and hand it me quickly 
whilst the end is still red. I plunge it into the tuhe, 
6. and, wonderful to be told, titer e it is lighted again, 
and burning as before (fi^. 14). 

7. This is the characteristic action of oxygen! It acce- 




1. Wliat is it that renders the pre- 
sence of fire-damp and hydrogen so 
dangerous? — 2. Name a remarkable 
property in hydrogen. — 3. How has 
the extreme lightness of hydrogen 
been utilised? — 4. By what gas is 
it now replaced for filling baLWooa&t 



— 5. How many timeB is the ordi' 
nary gas less heary than air? — 
6. What happens when a matrb. 
still red, is plunged into a tube 
filled with oxygen ? — 7. From tbt. 
what is the principal property of 
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lerates^it revives fire, or, as chemists s&y , it supports com- 
biAStion. It is under the influence of oxygen, lor it exists 
also in the atmosphere, that our fires blaze and give 
heat, and that our lamps give li^ht. 1 . Our very life even 
depends on its presence, our life, and that of all animals 
and plants; for every living thing breathes or wastes. 
We must however take things as they come, and we shall 
see about this in another chapter. 

You plainly see the great difference that exists between 
hydrogen and oxygen. 2. Hydrogen takes fire and 
bums^ but it cannot set fire to the red end of the match 
plunged into it; oxygen, on the contrary, rekindles the 
naif-extinct match, but does not itself take fire, 

3. Chemists say that hydrogen is a combustible body, 
like wood, coal, oil, etc., whilst oxygen is but a sup- 
porter of combustion. 

200. Syntliesigi of water, — Have you perfectly 
understood all this? I hope so. Now speak out, James. 
I see you wish to say something. 

— Sir, you said that hydrogen takes fire, and after- 
wards you added that oxygen keeps the fire in. 
4. Is it then oxygen that makes hydrogen bum? — 
Quite so, my child ; luere there no oxygen in the air, we 
should try in vain to kindle hydrogen, 

5. If a flame were plunged right into a vessel con- 
taining only hydrogen, great care being taken to avoid 
an explosion or at least a blaze in the introduction, the 
flame would die out for want of oxygen. Yes, Sir, but 
that is not what puzzles me most. When the hydrogen 
has blazed away, what becomes of it? 

— That in fact is the knotty point. 6. Hydrogen in 
burning combines with oxygen, just as you saw the sul- 
phur combine with the iron. After the combination there 
remained neither sulphur nor iron, but sulphide of 
iron. 7. Very well, after the combination of hydro- 
gen and oxygen, neither oxygen nor hydrogen remain. 
What have we in their place? Who will answer that? 



1. How does oxygen affect the 
existence of man, animals, and vege- 
tables? — 2. What great difference is 
there between hydrogen and oxygen ? 

— 3. By what terms do chemists 
express these particular properties? 

— 4. In what manner does oxygen 



affect the combustion of hydrogen? 
— 5. Prove that it is oxygen that 
makes hydrogen burn. — 6. What 
does hydrogen form in burning? — 
7. What remains after the cumbi^ 
nation of hydrogen and oxygen? 
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Nobody? Think a little. We have decomposed water 
into hydrogen and oocygen; now we combine hydrogm 
and oxygen. Ah! now you all find it out together. 
Water! Of course; but you should have thought of that 
sooner. You must try and keep your wits about you. 

1. Yes, water is made again by burning hydrogen. 
And as there is hydrogen in almost all the bodies we bum, 
water is formed when they bum. 2. Look at this cold 
plate, which I hold over the flame of my spirit-lamp 
(fig. 15). You see drops of water on it; don't be mistaken : 

this is not alcohol, distilled by 
the heat, taste it, it is merely 
water formed by the combvLStioh 
of the hydrogen that existed in 
the spirit of wine. 

And now it is full time to tell 
you what the word hydrogen 
means. 3. It comes from two 
Greek words : hydor, water, and 
genaOy birth; it then means 
a body that gives birth to water, 
Fiff. 15. — The water that.'on- Thus you See that the compo- 
tr (o"rLoy'lh.'''combu''^ sition of Water has beenaseer- 
lion of hydrofjen that exists tained in two ways. First by 
in the alcohol. decomposition y under the in- 

fluence of the olectric pile, into two gases, one of which, 
the hydrogen, is double the volume of the other (oxygen). 
Secondly, by recomposition. The water being obtamed 
by uniting, either through heat or by some other means, 
two volumes of hydrogen with one of oxygen. 4. This 
splitting up of a compound into its simple bodies is 
called analysis, and the building up of a compound 
from its simple bodies a synthesis, the recomposition. 

Thus, if we put in a tube, a mixture of hydrogen and 
oxygen,' in the proportion of one volume of oxygen for 
two of hydrogen, and then set this on fire, water will be 
formed, and the hydrogen and oxygen will no longer exist. 
But if we had put three times more hydrogen than oxygen, 




1. Why is water formed in the 
combustion of bodies that we burn ? 
— 2i Prove it, by an experiment. — 
3. What is the signification of the 
word hydrogen? —^^ What do che- I 



mists call the decemposition of bodies 
into their simple elements? — What 
is the recompositioQ of compoofld 
bodies called ? 
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what would have happened, George? — There would have 
been too much hydrogen^ and some would have re- 
mained over. — How much? — One portion. — You 
mean one volume, that is right. In like manner some 
oxygen would have remained unemployed had we put 
in the first mixture more than the necessary proportion. 
In short, water is a combination of hydrogen and 
oxygen in definite proportions j as is the case with all 
chemical combinations. 

Composition of Air- 
sot. Composition of air. — Let us now pass to 
the study of air, I have already told you that oxygen 
enters into its composition. We have already made 
acquaintance with this gas in our lesson on water. You 
remember we saw it inflame hydrogen, thereby giving 
birth to water and sulphur, thereby making sulphu- 
rous acid. 

But air is not solely composed of oxygen. The proof 
of this is, that the end. of a match, newly blown out and 
still red, does not light up again in the air, whilst we 
saw it do so in pure oxygen. l.In atmospheric air there 
exists only about a fifth part of oxygen ; merest is a gas 
called nitrogen. 

202, IVitrog^en. — Paul, how would you go to work 
were I to bid you prepare some nitrogen, I mean, to 
separate it from the oxygen of the air? 

I should add hydrogen to the air; then set it on fire; 
the hydrogen would take up the oxygen, as you said, and 
form water, leaving the nitrogen alone. 

— Well imagined, very well indeed, my dear child. 
But the plan would be very difficult to put into execution, 
and very expensive; yet it could be done, if one had the 
necessary apparatus. You, James, have you found 
anything? 

— Sir, I would set fire to some sulphur under a glass 
shade; the sulphur would absorb the oxygen and set the 
nitrogen at liberty. It is the experiment you made a 
little while ago. 

1. What are the pases that enter t what proportion are these two gase$ 
into the ruinposition of air? — In | mixed? 
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— Quite so. But that would not give you pure nitro- 
gen : the sulphur would not burn up all the oxygen of 
the air. The experiment has indeed Been made in that 
manner; but it is another body, phosphorus^ not sul- 
phur, that is employed. 

205. Preparatioii of nitrog^en by phospho- 
rus. — I have a little bit of this phosphorus, so we will 
try. I am obliged to keep it under water, as you see, be- 
cause it is rather dangerous and takes fire as soon as it is 
in contact with the air. So, as quickly as possible, I put 
it on this bit of earthen ware, this again on a piece of 

wood, the wood on the 
water, and a globe over 
the whole (fig. 16). 

Let us now pass into 
the dark room. You see 
the phosphorus is lumi- 

Fig. 16. — Nitrogen remains after the noUS aS SOOU aS it is in 
phosphorus by burning has taken up air, and VOU all reCOgnisC 
the oxygen of the air. xi_ i* T_i 'i. •* ^ i- 

^^ the light It emits to be 

the same as that given by matches when rubbed on any 
thing in the dark, for matches are made with jphospho- 
rus and divers ingredients. You can see also that 
phosphorus well merits its name, for the word means 
lighl-bearer. 

Now let us return to the school-room. Our bit of 
phosphorus after having emitted a good deal of white 
vapour, all at once bursts into a flame. See how 
pretty it is. 1. Who would fancy that such a thing 
should be extracted from the bones of animals ? 

On account of the strong heat of the turning phospho- 
rus some air escapes by expansion from under the shade. 
See now, the flame dies away, the air cools, the water rises 
and stands still. The gas remaining in the shade is 
nitrogen with a very little oxygen. If the phosphorus 
be left under the shade until it be no longer luminous 
even in obscurity, the very last traces of oxyeen have 
been exhausted. For this dim light is in reality slow 
combustion, whilst what we saw a little while ago was 
active combustion. You sec there are different aegrees 
of combustion ; but they all come to the same result. 

I. How is phosphorus obtained? 
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904. Oxygenized oompoiuidfii of phosphorns. 

— It is now the turn of nitrogen to be examined. Bui, 
before setting to work, pkase, Paul, would you tuU me 
what has become of the phosphorus? — Hir, ii has com- 
bined with the oxygen of the air, as the sulphur did a 
little ago. — Well. And what did it loim' As the sul- 
phur Joi'ms sulphurous acid, iht; phosphoius ought 
to form phos^lWTOUS acid. — Not precisel}, it forms 
phosphoric acid. 

— Please, Sir, what do the lerminationa ic, or ous 
mean? You have already spoken about sulphurous 
acid and sulphuric acid. 

That will be easily explained, my dear children. 
Sulphur, phosphorus, and many other bodies, can com- 
bine with oxygen in different proporrions bo as to form 
several acids. Hence the necessity of giving different 
names in order to recognise them, and yet those names 
must resemble each other, being given lo different com- 
pounds of thrt same bodies. 1. Thus the termination 
or ous was given lo the acid containing the stnatleat 
gtiantily of oxijgen, the lerminalion ir. to that containing 
m^reater. 

For instance, when the phosphorus burns brightly, it 
makes p/(OSp/ion'c acid; when it burns slowly, it gives 
pbosphoroun acid, less ricli 
in oxygen, 

aOS . Properties of n I- 
trogen. — .\nd now lo ni- 
trogen. Heie is a livf mous" 
in a trap. I pass the whole 
rapidly under waler inlo ihw 
nitrogen (fig. 17] ourcxperi- 
inent gave ua. 2. Imraiv 
dtalely jou see the mouse 
tooks agitated,falls down and 
gftsps; It is dead, ospftyscia- 
iedas_peoplesay. S.Itisnol 
the nUrogen that has killed 
t(, i( is tlie want of oxygrt 
a poison, for we breathe it i 




Nitrogen 
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we live, hut It perfectly merits its original name azote, 
which means, in short, incapable of sustaining life 
(a, which expresses negation, and loe, life). 

Thus life dies out in nitrogen. 

Combustion also dies out tfterein. Only how shall we 
be able to prove this last affirmation? It is impossihle 
to pass a lighted match through the water, as was done 
with the mouse : it would be extinguished before getting 
near the nitrogen. We muat have some nitrogen in a 
tube, as we had the other guaes a little time ago. 

There is no great difficulty in this. Let ub lake our 
basin out into the court-yard and put it in the water 
trough. We will set it quite in the bottom of the basin, 
shade, mouse, cage and all. You, James, hold the 




shade containing the nitrogen, and keep it in the water C 
(fig. 18), mouth a own wards of course. I adapt a funnel 
to my little tube, fill with water both 
tube and funnel, and immerse the 
whole, the funnel undermost (fig, 19). 
Now, James, incline your shade 
slightly to one side, in the direction 
of the funnel. See, the nitrogen 
passes into the funnel and fills the 
tube D, There, the operation is suc- 
cessfully terminated. 

Now, stopping up the opening of 

the tube with my finder, 1 take it 

out of the water, still holding it 

inverted. This time we will put into 

'ell-lighied match (fig. 201. See, it goes out im- 
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Thai is enou(;ii I shoulii fancy to convince you thai 
nitrogen rfoea ool support combusliun. 
&0U. Air in a mixture, not a combiDatioD . 

— There is. as I told you, aJjout 4 fifths of nitrogen in 
Ike air. This is not the exact proportion. The exact 
numhera are 79.3 por cent for nitrogen, the proportion 
of oxyf;en being 20.8 per cent. 

This makes one volume of oxygen against 3.80 of nitro- 
gen, and in weight 1 of oxygen against 3.348 of nitrogen. 

1. I moreover told you that air is simply a mixture 
not a combination, and I am sure you will have no diffi- 
culty in following my explanation as to the reason. 

2. In tlje first place those complicated numbers and 
fractions differ widely from the simplicily of the pro- 
portions often found in combinations. You recollect, in 
water there are twovoliimes of hydrogen to one of oxygen, 
and in weight 1 of hydrogen to 8 of^oxygen. In weight 
again, for sulphur of iron, 4 of sulphur, 7 of iron; Tor 
sulphurous acid, 1 of sidphur, 1 of oxygen; for sulphuric 
af.id, 2of sulphur, 5 of oxygen ; for phosphorous acid, 4 of 
phosphorus, 3 of oxygen. 3- In a word, as 1 have 
already said, in all combiuatioils. the component bodies 
are not only in ilp/hiile proportions, but also in simple 
raiio' 4. Hiztures, on the contrary, have not an^rafto 
whatever, and are sometimes exceedingly comphealed. 

Secondly, the composition of air can be altered with 
-■eat facility. If, while the phosphorus was burning a 
itlle ago, I had allowed it to fall into the water, the 
air remaining under the shtide would have been [ess rich 
in oxygen than i^ommon air, and the longer the experi- 
ment would have lasted , the less oxygen would there nave 
bean. There are not then any definite j/roportions in the 
composition of air, as there are in chemical combinations. 
Again, air has at the same time the properties of 
oxygen and those of nitrogen. It supports the combuB- 
lioD of bodies, under the inftnence or oxygen, only with 
less ennrgy on account of the influence of nitrogen. 
Whilst you know thai in a combinalion, thai of water 
for injilance, the distinctive or epecific properties o. 
hydrogen as well as those of oxygen have dieapjiearedf 
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So, once more I repeat, air is a simple mixture and 
in no sense a combination. 

Now we are beginning to see a little into chemistry 
since we have learned what air is and what water is, this 
being no light matter. 1. We also know about oxugeny 
hydrogen, and nitrogen^ three of the simple bodies found 
in a gaseous state. The fourth, by no means void either of 
interest or of utility, is chloriney only its study would 
encroach too much on our time. 

But we must not boast about what we have learned. 
How many bodies yet remain unknown to us ! Not only 
simple, but also compound bodies, composed of 2, 3, 4 
or more simple bodies ! We could never think of learn- 
ing all about all these, nor even could we pass in 
review an insignificant part of them. Notwithstanding, 
I have yet to tell you about several very interesting 
things, which you will find prove useful to you in many 
respects. 

Carbon. 

207. Carbon. — In the first place we will occupy 
' ourselves with the study of charcoal, 2. Charcoal is 

an inapure form of carbon, 

208. Composition of veg^etable nia,tter. — 

3. You are all aware that charcoal is derived from plants, 
from wood burned in a certain smothered manner. This 
shows of course that carbon exists in plants, since it is 
extracted from them. 

Indeed it exists in all their parts, in their wood-, their 
leaves, their flowers, etc. " And you will no doubt he 
astonished to learn that carbon is there combined with 
hydrogen and oxygen. 4. It is these three bodies ^ car- 
bon, hydrogen, and oxygen, that when united form 
almost all kinds of vegetable matter. 

See, here is a bit of sugar; a substance derived from 
a plant. 5. I put it on this red hot shovel (fig. 21) keep- 



1. Of the four simple gaseous bodies 

which are the three known to you? 

— 2. What is charcoal? — 3. From 

what is it derived? — 4. What are 

the three bodies that form vegetable 



matter? — B. What becomes of a 
piece of sugar on a red hot shoTel 
when it is prevented from catching 
fire? 
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ing it from burning with a flame ; finally there remains no- 
thing but very pure and black carbon. 1. If, while it is 
burning, I hold a cold plate (fig. 22) above it, you will there 





Fig. 21. — On the red hot 
shovel the sugar only leaves 
a very pure black carbon. 



Fig. 22. — The water produced by the 
coinbi nation of oxygen and hydrogen 
of the sugar, condenses on the plate. 



see water condense upon it. This water is produced 
by the combination of the oxygen and the hydrogen of 
tne sugar, 

2. Starch*, gum* arabic, alcohol*, oils* and almost 
all substances of vegetable origin, will give the same 
result. 

See what a variety of forms nature gives to these three 
simple bodies, carbon, hydrogen and oxygen. 

809. Composition of animal matter. — 
3. Carbon exists also in the different parts of the bodies 
of animals. 4. What is known under the name of ani- 
mal black, is a charcoalj obtained by the calcination* 
of bones in close vessels. 

5. In animal fat also, hydrogen and oxygen combine 
with carbon just as in vegetable oil. 6. In all the parts 
of the body, such as the flesh, the brain, etc., excepting 
in the fat, these constituents are found in combination 
with nitrogen. And it is with these four simple bodies 
variously combined that all the different constituents 
of animal bodies are formed, 

7. Three are, as we have seen, gaseous ; the fourth, 
carbon, is a solid body. 



1. How do you prove that the sugar 
contains something else besides car- 
bon? — 2. What is starch composed 
of? — Gum Arabic? — Alcohol? — 
Oils? — 3. Where else is carbon 
found ? — 4. What is animal black ? 
— 5. What is the composilion of ant- 



mal fat? — 6. What is the fourth 
body that enters into the constitution 
of, say the flesh and brain? — 7. Of 
the four simple bodies, that form 
the bodies of animals, which are the 
three gaseous ones ? — Which is the 
solid body ?' 
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2 to. Varioins foraus of ewrfooii* — And now let 

us examine carbon itself. It enters as we have said into 
the composition of wood^ charcoal^ and aninuU black. 
1)0 any of you remember to have met with it under any 
other form? — Yes, sir. — Coal and coke, — Ah! is 
coke the same thing as coal? — No, sir ; coal is greasy 
and shimj, whilst coke is quite dry. — Yes, those are 
apparent differences, but do you rememher nothing more 
stnking? ^^^lat do you think, Henrv? as you have lived 
in town where the streets are lighted with gas, you l^now 
perhaps the difference between coal and coke. — Yes, 
sir; coke is that ichicli remains^ when the gas that lights 
the streets han been taken from the coal. 

1. Quite right, my child; when the coal is sufficiently 
heated, the gas is set at liberty and along with it many 
other things, for it is mai^ellous what can he extracl- 
ed from coal : rich colours, delicate perfumes, nearly a 
hundred useful substances, and amongst them flavours 
for sweetmeats. 2. So you see coal is not pure carbon, 
far from it; but that which remains after it has been 
fieatedy that is to say coke, is almost pure carbon. 

Carbon is found under other forms still : 3. Black lead 
as it is very improperly called, of which your pencils 
are made, is almost pure carbon. It is found in certain 
mines, and is called also plumbago and graphite. 

4. But what is most curious, is that the diamond 
is pure carbon. I mentioned the fact when speaking 
about different crystals. Y'^es , it is quite true, that 
beautiful stone, so brilliant, so transparent, so hard 
that it can cut or engrave any thing however hard, 
has the same chemical composition as that ugly bit of 
6oal, black and friable*, sold in cart-loads for a few shil- 
lings. You cannot believe such a thing, and your very 
eyes demand proofs of it ; oh ! I am quite prepared, do 
not be afraid. 

21 i. Products of the combustion of carbon. 
— 5. Fii*st, if a diamond be heated to a high tempera- 
ture, it swells out, and is transformed into a substance 
very similar to coke. This however may pass for mere 



1. What do we obtain from coal? i 3. Name another form of cari)on. — 
— 2. What remains after the gas J 4. What is the diamond? — 5. Gi« 
has been eitracted from coa\^ — \ tcve Si^roof that the diamond is carboo. 
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external resemblance, and might be disdained as proof 
of chemical identity. 

Here is a lump of coal, I put it on the fire. It red- 
dens, burns away and disappears, as you all know, 
leaving only a few cinders, which are but impurities and 
have nothing to do with carbon. The latter has disap- 
peared, it has burned ; but what has become of it, for 
nothing can be lost ? It has burned, that means that it 
tms combined with the oxygen of the aiVy has it not ? 

This combination can give rise, according to circum- 
stances, to two sorts of gas. 

1. When coals bum brightly and with strong 
heat, they form carbonic acid, in which there are 
3 parts of carbon for 8 of oxygen. 2. Whefii they 
bum slowly and dimly ^ they form carbonic oxide, 
in which tnere are 3 parts of carbon against only 4 of 
oxygen. 

3. In our fire-places, the coal in burning gives off 
a mixture of caroonic add pas and ca/rbonic oxide, 
4. The more draught the chimney gives, the brighter 
the fire burns, ana the more active the oxidation * and 
the less carbonic oxide gas produced. 

You ought n(fw to sufficiently understand the real 
chemical cnaracters of carbon. You may burn coke, 
animal black, graphite (plumbago), or diamond, you 
will always have carbonic acid or carbonic oxide gas 
given off, according to the greater or less energy of the 
combustion. 

5. And you will have, at least in the case of graphite 
(plumbago) and of the diamond, for those will not leave- 
even cinaers, only and solely gas, as product of the com- 
bustion. Thus all these bodies are carbon, pure carbon 
even, especially graphite and diamonds. 

Now tne carbonic oxide and the carbonic acid gases 
formed in our fire-places and stoves, or emitted by our 
lamps and candles, merit our attention. 

2122. CArbonic oxide sas. — We will begin 
with the carbonic oxide gas. 6. It is a colourless 



1. What gas is formed when coal 
barns brightly and quickly? — 2- And 
vbeo it burns slowly ? — 3. What 
does coal form while burning in our 
fire places? — 4. What happens 



when the fire burns brightly? — 
5. Give a second proof that the 
diamond is pure carbon. — 6. What 
do you know of the carbonic oxide 
gas? 
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and inodorous gas when mingled with the air, and 
this is very much to be regretted, for it is a most 
deadly poison, 1. A thousandth part of this gas in 
the air suffices to cause death in a very short time ; 
a ten thousandth part is enough to give violent head- 
aches. 2. You see how very important it is for our 
health and even our life that the product of combus- 
tion* should escape easily and with certainty from 
our dwellings by the chimneys. 3. The small stoves 
in which charcoal is often burned give a large pro- 
portion of carbonic oxide, hence headaches, pallor, 
and even dangerous illnesses. 4. I will not leave this 
subject without warning you against a very imprudent 
habit some people have of taking into a bed room, a 
stove or something similar containing charcoal or red 
embers of any kind, A severe and dangerous head- 
ache is the least that can happen, and journals often 
tell sad stories of fatal results to those who try to keep 
themselves warm during their sleep in this imprudent 
manner. 

215. CArbonic acid. — Oxide of carbon can be 
set on fire and burned like hydrogen, it then forms what, 
Paul ? — Carbonic acid, Sir. Perfectly so, the oxide of 
carbon combines in a new proportion with oxygen 
borrowed from the air. It burns with a pretty pale 
blue flame, which you can see dancinff up and down 
on the charcoal I have lighted in this little stove. Unfor- 
tunately a great part of the carbonic oxide is not con- 
sumed, but escapes into the air. 

In short, carbonic acid can be formed in two-ways 
during combustion ; either at the first onset, by direct 
combination of the carbon with a considerable quantity 
of oxygen ; or by a twofold action by the conibustion 
of oxide of carbon that has been previously formed. All 
this is continually going on in our fire-places, and this 
it is that gives us heat. 

Carbonic acid is also a colourless gas, which has little 



1. What effect is produced by the 

1000'i> part of oxide of carbon in the 

air? — By the ten thousandth part? 

— 2. How then ought our firea and 



firesides to be arranged ? — 3. What 
gas escapes from charcoal stoyes? 
— 4. What precaution is it necessary 
to taiie? 
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if any odoiir. 1. It is much less dangerous then carbo- 
nic oxide, and it only becomes seriously so, when there 
is about 20 per cent, in the air. But people should not- 
withstanding be very cautious with carbonic acid, and 
that for two reasons. 

In the first place, I do not think it would be at all healthy 
for a person to remain in a place where the air contained 
4 or 5 per cent, of carbonic acid ; but this is not all. 

When there is carbonic acid in a room, it is not be- 
cause some chemist has brought it there, to mix with the 
air of the room. Of course not, it was formed there. 
2. And at what expense. Undoubtedly at the expense 
of the oxygen of the air. 

Now carbonic acid is so composed, that it contains a 
volume of oxygen equal to its own volume. 3. Then if 
there exist in a room ten per cent, of carbonic acid, ten 
per cent of oxygen for that reason is wanting : instead of 
the 21 per cent, that ought to be forthcoming in whole- 
some air, 1 1 only remains. You understand that a person 
under such conditions incurs double danger; firstly in 
breathing the air poisoned by the carbonic acid, secondly, 
running the risk of being asphyxiated for want of oxygen. 
This might very easily happen to us without using char- 
coal or anything of the kind; all that we would have 
to do would be to shut everything very close, and 
all of us to remain here in the school room. How so? 
you may ask. 4. Ah ! we also absorb oxygen a/nd give 
back carbonic acid. Our body burns in its interior, 
just as the bit of wood burns in the chimney ; only quite 
slowly, and yet without forming carbonic oxide. But 
here we put foot on another territory. We shall see 
about this when we come to speak of animal phy- 
siology. 

5. Carbonic acid is not formed only in our fireplaces 
and in living bodies. In certain countries it oozes abun- 
dantly out of the very earth. In the island of Java there 



I. What quantity of carbonic arid 
in the air produces death? — Com- 
pare it with the oxide of carbon. — 
2. At what expense is carbonic acid 
formed in a room where we breathe? 
— 3. What happens when there is 



ten per cent of carbonic acid in a 
room? — 4. What takes place in 
regard to the respiration? — 5. Name 
some examples of the natural forma- 
tion of carbonic acid. 




that escapes from the soil. You 
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already proved useful to us more than 
bit of lime' st07ie, I put it in a glass 
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vinegar (fig. 25) over it. 1. You see it gives off bubbles 
of gas : this gas is carbonic acid that the 
vinegar has set free. 

With what was the carbonic acid united ? 
With the lime, we have already learned that. 
If we had submitted the stone to a very ^\^e^caicareotfe 
strong heat for a good length of time, the siooe the cai^ 
carbonic acid would have been set free, ^^!^ll ^''whict 
and the lime only would have remained, the vinegar 
and therefore had it subsequently been *»ads«tfree. 
put into vinegar no effervescence would have ensued. 

2. Chemists give to the combination of this calcareous 
substance the name of carbonate of limey which name 
indicates that carbonic add and lime enter into its 
coipposition. 

815. Synthesis of carbonate of lime. — Be- 
fore leaving this subject, let us do as we did when 
studying water. We have decomposed 
it by analysis, let us reform it by syn- 
thesis. 

There is nothing easier. We will 
throw into a glass of water this little 
bit of lime, but we must take care, for 
it is lime recently made, quick lime 
as it is called, ana will impart no little 
heat to our water. There now it is 
quieter and a part of the lime is dis- 
solved. In order to separate this li- 
quid part from what has settled down 
at the bottom of the glass we will ^^fu "f • 7J^? riS"'-^ 

^1 . , , Yi • tbat passes 18 limpid 

niter it through some blotting paper still, there is m it a 
folded and placed in the funnel (fig. 26) . Ulilf ±!?^''** ^'™*' 

r^ 1 ■%» *■ m -m , , , T 1 nine waier. 

See how limpid it is as it runs through. 

Yet it contains lime in solution, and is what is called 

lime water. 

Now in order to form carbonate of lime with this lime 
water what must we add to it? Carbonic acid. Yes, but 
how could you do so, what do you think, master Paul ; 
Well, Sir, I should take a pair of bellows and go and fill 




I. IIow do you prove that a calca- 
reous stone contains carbonic acid ? 
— *>•. What name do chemists give 



to the combination of carbonic acid 
and lime? 
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the bellows over the fire place where the carbonic acid 
escapes from the combustion of the coal, then I would 
blow the contents of the bellows into the glass of lime 
water. — Very good, verv well thought of; but if we 
had no bellows, or if there were no fire, what then, 
what would you do, James? — I have heard papa say 
there was carbonic acid in soda water ; I would just put 

soda water into the lime water. — 
Very true there is carbonic acid in 
soda water ; and it is this gas that 
escapes when the bottle is opened. 
Ah ! I see George has found some- 
thing. Speak out. — Why, sir, 
since we ourselves produce ca/r- 
honic acid by hreathing, we should 
only have to blow our own breath 
into the lime water; that is easy 
enough. — Well answered, as you 
Fig.27.— The lime water gay it is easv enouffh, the difficulty 

becomes troubled. It is j. /• j .V • j ° a j ^ it 

because George in blow- was to iind the idea. And to reward 
ing into it carbonic you for your sharpness, I will hes 

acid, formed carbonate •' . S ^l • ^ \P 

of lime. you to make the experiment yoursell. 

Blow into the water through this 
straw (fig. 27). Do you see how the water becomes tur- 
bid and thick looking as if you had poured milk into it. 

1. This change is produced by the presence of carbo- 
nate of lime formed by the lime in solution in the 
water and the carbonic acid passed into it, George. 

2. This then is the synthesis of carbonate of lime. 

Let it settle down in the glass. At the end of the 
lesson we will pour off* the water; and then if we add 
some vinegar, we shall see the carbonic acid furnished 
by George's lungs rising in bubbles to escape. 




Oxides, Acids and Salts. 

216. But we have not yet quite finished with carbo- 
nate of lime, it will still afford us several important 
facts. As we have already said and seen, carbonic acid 
and lime enter into its composition. Carbonic acid, we 



I. What happened when George I name do chemists give to this recom- 
bJewinto the lime water? — 2. "What \ posvUou oC carbonate of lime? 
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know, is composed of 3 parts of carbon to 8 of oxygen. 
But what is lime? Is it a simple body? No, it is a com- 
pound body. Composed of wnat? 1. Of oxygen again, 
and a simple body, a metal from which it is very diffi 
cult to separate it, this metal is called calcium. 2. Che- 
mists say that lime is an oxide of calcium. 

217. Metallic osddes. — 3. Oxygen combines 
in like manner with all metals^ thus forming oxides. 
This takes place with more or less ease and rapiditj; 
but it always does take place. 4. If we had at our dis- 
posal some calcium, and were we to expose it to the 
air, it would rapidly absorb oxygen, so as to become 
lime. 5. More than this, were it thrown into water, it 
would forthwith decompose it, so as to take hold of the 
oxygen it contains, expelling from its combination the 
hydrogen. This then is a metal which is easily oxidised. 

Let us now cast a glance at iron. As you well 
know, it can be left exposed to the air, without fear of 
immediate injury. 6. let in the long run, if the weather 
be dry, or if it be left a few days in tne damp, it under- 
goes considerable alteration ; it rusts. Chemists say it 
oxidises. And in reality it absorbs oxygen from the 
surrounding air, and the reddish powder that you all 
80 well know is the result of that combination. 7. Rust 
is then an oxide of iron* 

Now let us look at copper. It can remain still longer 
than iron in contact with the atmosphere without under- 
going alteration. Nevertheless in the end, under the 
influence of damp it also will oxidise and form a 
greenish body called verdigris. 8. This verdigris is 
an oxide of copper. 

9. We must now study mercury, that silvery liquid 
metal I showed you in explaining the construction of 
barometers. We might leave it no matter how long 
in contact with air, and yet detect no alteration. 10. But 
were we to make it boil for some hours, we should see its 



1. Of what is lime composed? — 
2. What name do the chemists give 
to lime? — 3. What cdmbination* 
does oxygen form with all other 
metals? — 4. What would happen 
to calcium if exposed to the air? — 
5. How does calcium act in water? 



— 6. What happens to iron when 
exposed to the air? — 7. What is 
rust? — 8. What elTect has damp 
air upon copper? — What is ver- 
digris? — 9. What is mercury? — 
10. How can mercury be oxidised? 
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surface covered over with reddish powder, this is oxide 
of mercury. 

1. Lastly, silver, which never oxidises by contact with 
the air^ rusts neither by cold nor by heat ; no more does 

gold. Chemists however are able, and that without dif- 
culty, although by indirect means, to obtain oxide of 
gold and oxide of silver. 

This more or less rapid oxidation by the simple 
contact of air explains why some metals are very fre^ 
quently found in the earth in their natural state, 
whilst others are always found in the state of oxides ^ or 
in combinations more complicated still. 

2. Thus gold, silver, platinum, mercury and copper, 
are frequently found in tne soil in a metallic or native 
state, tnat is to say, pure. 3. Native iron on the con- 
trary is very rare. 4. Zinc, tin, lead, are always combined 
either with oxygen or with sulphur; but as they neither 
oxidise very rapidly, nor have great affinity for oxygen, 
it is not very difficult to extract from them the oxygen 
with which tney are naturally united. 

5. It is of course quite otherwise with metals that 
have great affinity for oxygen, calcium for instance. 
They are never found in a native state. Audit is more- 
over extremely difficult to extract their oxygen and 
bring them to a metallic form. Even the hottest fire 
fails to attain this result. 

6. From time immemorial*, lime has been known: 
but it is not until very lately that calcium, was extracted 
from it; this was obtained by the decomposition of lime 
under the influence of a strong electric pile. In like 
manner potassium has been extracted from potash, so' 
dium from soda, maanesium from magnesia, substances 
with which chemists have been acquainted for many a day. 

7. In short, in one way or another with more or less 
difficulty, all metals combine with oxygen and so form 
oxides. 



1. For what property are gold and 
silver distinguished? — 2. Name some 
metal that are frequently found in 
the earth in their native state. — 
3. Mention a metal that is rarely found 
in its native state. — 4. In what con- 
ditioD are zinc, tin, and lead, found? 



— 5. What happens to metals that 
have a strong afflnity for oxygen. 

— 6. Name some nietals from which 
it has only lately been possible to 
extract their oxides. — 7. To sum 
up : what do all metals form in 
combmvii^ ^VlVi oxygen? 
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S18. Non metallic oxides. — 1. But oxyaen 

also combines , as we have already seen, with bodies 
that have neither the weight, the brilliancy, nor the other 
qualities of metal. 2. Thus we learned that it com- 
bined with carbon, and formed carbonic oxide and 
carbonic acid, 

3. With sulphur, it forms sulphurous acid and 
sulphuric acid. 

4. With phosphorus, it forms phosphorous acid 
and phosphoric acid, 

5. I might tell you also that it combines with nitro- 

?[en in a real combination, not a mixture as in air, thus 
orming divers oxides, the most important of which 
are nitrous acid and expecially nitric acid, sold under 
the name of aqua fortis, 6. This last named is ex- 
tremely dangerous, burning horribly; the slightest touch 
of it stains the fingers with ugly yellow spots. 

219. Acids, bases. — In most cases the com- 
pounds of acids with metals are called oxides or bases. 

Thus, potash, soda, lime, magnesia, the oxides of 
iron, copper, etc., are bases. 

The compounds that oxygen forms with non-metallic 
bodies are generally called acids : we have already 
heard of carbonic acid, azotic acid, sulphuric acid, etc. 

But you must moreover know that some bodies are 
called acids and bases although they contain no oxygen. 

For instance, alkali, or, as it is called in chemical 
language, ammoniac, is a compound of nitrogen and 
hydrogen, notwithstanding it is a base. 

And again hydrochloric acid is a compound of 
chlorine and hydrogen only; this is likewise the case 
in sulphydric acid (that which gives the noxious smell 
of rotten eggs), it contains only sulphur and hydrogen. 

It is for no capricious reason that chemists have ar- 
ranged things a9 they are. But it would be almost im- 
possible for me to explain clearly to you what induced 
them to have done so. 

I must however acquaint you with another character 
which causes a body to b^ called acid or alkaline. 



1. Does not oxygen combine wilh 
metals? — 2. What compounds does 
it form wilh carbon ? — 3. With sul- 
phur? — 4. Wilh phosphorus? — 



5. Wilh nitrogen? — 6. What do 
you know of nitric acid, or aqua- 
fortis? 
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I add to this glassful! of water a few drops of ammo- 
nia. I then dip in it this slip of blue paper that has 
been coloured by tincture of turnsole : the paper remains 
of the same colour as before. 

In this other- glass, I have added to the water some 
drops of sulphuric acid. I dip into this glass also a 
similar little slip of blue paper. See, it has immediately 
become red. If I now replunge it in the glass with the 
ammonia, it will forthwitn resume its blue colour. 

Hence it is said that acid substances redden the turn- 
sol dye, whilst alkaline substances bring back the blue 
colour. All colours obtained from plants are modified 
in like manner by acids or by alkaline substances. 

I will now show you a very curious experiment. See, 
I take our pile, a glassfoll of water and two tubes, and 
I dispose tne whole as we did when we decomposed the 
water. (See p. 241 , fig. 9.) Only I add to the water some 
drops of tincture of turnsole, which gives a blue colour, 
and a small quantity of a body called sulphate of soda. 
There, the electric current passes. You see that in 
the tube in contact with the positive pole, from which 
oxygen is given off, the water becomes red ; in the other 
tube, on the contrary, the water remains blue. 

So, when a body is decomposed by means of an elec- 
tric current, the acid goes to the positive pole, the base^ 
or alkaline constituent, to the negative soliSm 1. Bodies 
composed of an acid ana a base are called salts. 

Tnere exist of these, as you may easily fancy, a great 
number, since about fifty metals are known to be capable 
of giving bases. I must mention a few of the most 
important. 

In the first place, there are the carbonates : carbonate 
of lime, that has already so often come under our notice ; 
carbonate of potash, which is to be found abundantly 
in wood ash; carbonate of soda, which is.used in a crystal- 
lized state for household purposes. Carbonates are easily 
recognizable by the fact that from whatever acid they 
be derived, when decomposed, their carbonic acid 
escapes under a gaseous form. 

Tnen we have the nitrates. The most interesting of 
these is nitrate of potash, or saltpetre, which is to be 

i. What name is given lo Ihe compounds oC aa acid and of oxide or bases? 
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found on old damp walls. It is used in the fabrication 
of gunpowder, and is then mixed with sulphur and with 
carbon. 

Several sulphates have considerable practical interest. 
For instance sulphate of lime, otherwise called plaster, 
which we have already mentioned (Seep. 120), sulphate of 
soda, and sulphate of magnesia, much used for medical 
purposes ; sulphate of iron (green vitriol), and sulphate of 
copper (blue vitriol) . 

Amongst phosphates, the phosphate of lime is one of 
the constituents of bone, and is much used in agri- 
culture. 

The silicates hold an important place in nature : sili- 
cious stones (slate, argil or clay, granite, quartz) are 
therewith composed. 

Another category of salts is formed by acids that 
contain no oxygen. (Those best known are the chlorides 
and the sulphur ets). 

Sea salt is a chloride of sodium, that is to say, a com- 
pound of chlore and of sodium : two bodies only. 

You can see the difference between these ana the other 
salts which we considered a little while ago, such as, for 
example, the carbonate of lime, in which exist 1. carbonic 
acid (carbon and oxygen), 2. lime (calcium and oxygen) : in 
short, three bodies. 

Metals generally used, — The most important of these 
is iron, whose general use is greatly facilitated by its 
property of being welded, when reddened in the fire. 

When heated by very intense fire and brought to a 
very high temperature it becomes sometimes cast metal, 
sometimes steel. 

You all know the many different uses made of iron 
and other much-employed metals, such as copper, lead, 
tin, zinc, silver, gold, mercury. 

In some circumstances, you know, several are mingled 
together so as to form the alloy necessary for indus- 
trial usages : such are brass, alloy of copper and zinc, 
such are also the bronzes, alloy of copper and tin in 
different proportions. 

The greater number of these metals I have first men- 
tioned, have been know in ancient times. I have already 
told you that some, such as gold, are found in a pure 
state amongst sand or in rock, from which they are easily 
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extracted. Others, and these are the more numerous, 
exist in the shape of oxides, sulphurets, or carbonates. 

In these two last cases, they are roasted in contact with 
the air ; the sulphur or carbonic acid escapes, and the metal 
remains. 

As for the oxides, they are mingled with the coals and 
submitted to intense heat. The coal lays hold on the 
oxygen of the metal, thereby forming carbonic acid and 
carbonic oxide, both of which escape, leaving the metal 
alone. 

It is after this manner that iron is treated in blast 
furnaces. 

Metals may be by divers processes applied one upon 
another. A thin coating of gold or silver may be laid 
on any other metal, etc. This is called rilding or silvering. 
Wires are also in like manner coated, so as to prevent 
rust ; cooking utensils inlaid with tin, so as to avoid 
verdigris, etc. 

But many more interesting things might I tell you 
about metals, had we lime. 



SUMMARY. — Chemistry. 

1. Simple bodies and compound bodies (p. 235-237). — 
Bodies that cannot be decomposed are called simple bodies, 

2. Compound bodies are those in which there exist several simple 
bodies combined together. 

3. 70 simple bodies are known at the present day. 

4. All metals enter into this category. 

5. The greater number of simple bodies are solids; such are 
gold, silver, iron, copper, zinc, lead, tin, sulphur, carbon, phospho- 
rus, arsenic. 

64 Two are liquids^ one of which is mercury. 

7. Four are gaseous, these are oxygen, hydrogen, nitrogen, and 
chlorine. 

8. Mixtares and chemical combinations (p. 238). — 
There is a very great difference between a m,ixture and a chemical 
combination. 

9. In a miicture the nature of the bodies mixed together remains 
unaltered, and the mixture can be made in any proportion lohat- 
ever. The phenomenon is purely />%sica(. 

10. In a chemical combination the nature of the bodies pre- 
sent is totally changed, and the union of those bodies takes place in 
simple and definite proportions. 

11. Air is a mixture; water is a combination. 
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12. Water (p. 240), — Water is a combination of two gases 
the one called hydrogen, the other oxygen. 

Water may be easily decomposed under the influence of the elec- 
tric current, this decomposition gives one volume of oxygen for two 
of hydrogen. 

13. Hydrosen (p. 242). — Hydrogen is an inflammable gas. 
14.. If a mixture of air and hydrogen be set on Are, an explosion 

ensues and water is obtained. 

15. This happens in coal-mines, where fire-damp, a near neighr 
boar of hydrogen, escapes from the coal. 

16. Cias. The gas we burn is another relative of hydrogen ; when 
mingled with air and set on lire, it causes the same danger of ex- 
plosion. 

17. Hydrogen is 14 times lighter than atmospheric air. It 
might be used for aerostatic purposes; but on account of the 
expense its preparation incurs, common coal gas is used in its stead 
to fill up balloons. Gas is 3 times lighter than air. 

18. €|s7geii (p. 244). — Oxygen keeps up combustion; in 
other words it is oxygen that makes our fires burn and our lamps 
to give light, etc. 

19. It is oxygen also that keeps up our very life, and along 
with our life, that of all animals and plants. 

20. Air (p. 246). — Air is a miaj^wre of oxygen and nitrogen in 
the proportion of one fifth of oxygen to 4 fifths of nitrogen. 

Pure nitrogen is obtained by causing phosphorus to absorb the 
oxygen of the air. 

21. Mltrosen (p. 248). — Pure nitrogen is incapable of keep- 
ing up combustion ; even life is extinguished by it. 

22. Carbon (p. 252). — Carbon, combined with hydrogen and 
oxygen compose almost all vegetable matter. 

23. Again it is with oxygen and hydrogen that carbon is united 
in all animal fat as well as in vegetable oil. 

24. In the flesh and in the brain, the carbon is moreover accom- 
panied by nitrogen. 

25. Animal black is simply carbon obtained by the calcination* 
of bones in closed vessels. 

26. Thus, it is with four simple bodies combined (carbon, hy- 
drogen, oxygen and nitrogen) that nearly all substances which form 
the bodies of animals are constituted. 

27. The coke that remains when the gas has been extracted 
from the coal is almost pure carbon. 

28. Black-lead or graphite^ and diamonds, are also other 
forms of carbon. 

29. Carbonic oxide (p. 255). — When charcoal, coal, or coke 
burn slowly, it unites with oxygen and forms a gas called car- 
bonic oxide, 

30. Carbonic oxide is a very violent poison. A thousandth part 
of this gas mingled with air suffices to kill rapidly. 
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31. In cooking ranges, heated with charcoal, and in stoves also, 
a great proportion of carbonic oxide is formed. 

32. Thence the great importance of having chimneys that draw 
properly, and the great danger of going to sleep in a room heated 
by a portable stove. 

33. Carbonic add (p. 256). — When either coal or charcoal, 
or other combustible, burns briskly and well, it unites with the 
oxygen of the air and forms a gas which 4s- called carbonic acid, 
which contains twice as much oxygen as the carbonic oxide. - 

34. Carbonic acid, although much less dangerous than carbonic 
oxide, can, -notwithstanding, occasion very serious illness and even 
death. 

35. Man, in the process of breathing, absorbs oxygen and gives 
back carbonic acid. 

36. Carbonic acid is also formed in the fermentation of beer^ and 
in that of wine. It is the presence of the carbonic acid that 
renders these fermentations so dangerous. 

37. Carbonate of lime (p. 258). -- The carbonate of lime is 
a combination of carbonic acid gas and lime. 

38. Chalk is carbonate of lime. 

89. Oxidea (p. 260). — Lime is an oxide of calcium, that is 
to say, a combination of oxygen with the metal calcium. 

40. Oxygen combines in like manner with all metals, thereby 
forming oxides* 

41. Iron rusts in damp air; rust is a combination of iron with 
oxygen of the air : it is oxide of iron* 

42* In damp air, copper is covered over with a greenish sub- 
stance called verdigris. This also is a combination of copper with 
the oxygen of air, an oxide of copper. 

43. Gold and silver never oxidise by mere exposure to air, and 
for this reason they are always found in the earth in a pure state, 
or as it is said in a native state. 

44. Iron, zinc, tin, lead, on the contrary, are almost always com- 
bined either with oxygen or with sulphur. 

45. Lime is an oxide of calcium. 
Potash is an oxide of potassium. 
Soda is an oxide of sodium. 
Magnesia is an oxide of m,agnesium. 

46. Acids-Bases. —Salts (p. 263). — Carbonic acid, sulphu- 
ric acid (vitriol), phosphoric acid, nitric acid, commonly called 
aqua-fortis, and in general all the compounds of oxygen with non- 
metallic bodies, are acids, as their names tell. 

47. Lime, potash, soda^ and magnesia are bases. 

48. The combination of an acid and a base is called a salt. 
For instance, carbonate of lime (chalk) is a salt, composed of car- 
bonic acid and oxide of calcium. 
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1*' composition (p. 238). — Mixtures and combinations. 

2"' composition (p. 240). — Composition of water. — Ana- 
lysis of water by electric current, — Synthesis of water (p. 245). 

3'' composition (p. 242). — Hydrogen, combustible and explo- 
sive body. — Its weight relatively to that of air. — Fire-damp. 

— Gas that lights our cities. 

4** composition (p. 244). — Oxygen. — The part it plays in 
combustion. — Its presence in water, in air. 

5** composition (p. 246). — Air. — Its composition. — Nitro- 
gen. — Preparation of nitrogen with phosphorus. — Properties of 
nitrogen (p. 249). 

6^^ composition (p. 245-251). ~ Water is a chemical combina- 
tion, air a mixture. 

7** composition (p. 252). — Carbon. — Its presence in ani- 
mal as well as in vegetable matter. — Divers forms of carbon. 

8** composition (p. 254). — » Production of the combustion of 
carbon. — Carbonic oxide. — Carbonic acid. 

O*** composition (p. 258-259). — Analysis of carbonate of lime. 

— Synthesis. 

10'* composition (p. 2G0). — Oxides. — Salts. — Acids., 



VI - ANIMAL PHYSIOLOGY. 



220. It is UDdoubledty a very interesting thing to 
learn the names of animafs, of plants, or stones, wEere 
and how they are found, how they resemble eacn.other 
or differ from one another, what use we can make of them 
or how we are to guard ourselves against them. It is 
very inlerestine to Itnow how bodies fall by attraction, 
how light is reflected, how electricity is produced. But 
what is infinitely more interesting still, is to know how 
we ourselves live, and how it has been possible for us 
to observe or to produce so many marvellous things, and 
to learn the history of tlie animals that surround us, 
1, whose history is pretty' nearly the same as our own. 
Physiology ifrom two tireek words physis, nature, and 
logos, studyl is the name given to the science that treats 
of these vital phenomena 

SSI. The three ppoblems of physiolosy. — 
1. Nutriiion{{ig. l]. Look ai that brood of little chickens 
in the court -yard. 
Not one of them 
weighs much above 
1/9 lb; yet in a few 
months they will be 
as big as their father 
or mother, and will 
weigh s eve ral poun d B . 
Afler this they will 
remain about the same 
size and weight all 
their life long. 

FiR. I. - In Bii monlhB the little chicbena ^^""^ ^ '» ^^k hoW 
will be as big la their falher and mother ; they are able tO grOW 

nuiruion. thus, where they find 

these pounds they thus add to their primitive weight, 
you would unhesitatingly answer that it is the result 
of the grain they eat, of the nourishment they consume ! 

S. What ie plijfiiolog)'? 




But do you think that in ?i<i months time, tLcy liave only 
mten one or two pounds weight of food ? Ah ! the far- 
mer's wife would tell you that you are ereally mis- 
taken if vou fancied this, and would speak of bushels 
instead oi pminils. It is then hut a very insignificant 
pari of' their food Ihat remains in their hodies and is 
profilatilft to ihem. Moreover, even when they have 
reached their full growth, ihey continue to e&t. allficmgh 
their W'Hght no loni/er increases. What then becomes 
of the food ihey eat, and wliat use can it be to them? 

1. This, my dear children, is the first problem that 
Physiology raises before us : what becomes of fuod.of 
WMtt use is it, and why do we take it'? for we are abso- 
lutely obliged lo eat, under'pain of death from hunger. 
2. This is liie problem of ntitritJon. 

9)tfi. 3. Sensation. 3. Motion. — Yet notwilh- 
Htanding the importance of the problem of nutrition, it 
ia neither the most 
curious, Dor ihe most 
arduous of those 
presented m lih l>y 
animal life. 

Paul. open thewin- 
dow suddenly and 
hallooallliechickens. 
See how theff run 
tmay tfig. 2!. They 
are frightened. Now 
let them get over 
theirfrighland throw 
them some Rrumbs 
of bread. Thtrre 
they come running lo pick it up, quite delighted, the 
mother lien and all. What does this signify? 

This nhe*s in the first place that they heard the 
noise yon made, that they saw your gestures; in a word 
they knew, they felt, that something or somebody was 
there. It farther shows that they understood that the 
nmse and gestures were menacing in the first experi- 
ment, and favourable in the second. In short this 
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implies, that faaviiig understood, they moved, that is to 
say, they gave orders to their feet and loingg to Tnove. 
so as to enable them to avoid a danger that they believea 
to menace them, or lo prolit by an advantage they saw 
offered to them. 

1, Here then are two other problems. First : fu>w 
are anitnats capable of feeling, understanding, will- 
ing? this is the problein of sensation and of Intel- 
ligencs. 2. Then : By what meanx are thar orders 
obeyed ? How is it that the whole body, the feet and 
wings when there are any, obey the order, and execute 
the necessary movement? This is the problem of motion- 

We have then before us three great problems. We will 
study them one after another. I will first speak to you 
about motion, because it will lead us to leam the history 
of the bones and the skeleton, that we must necessarily 
know in order to be able to study the two remaining 
problems. 



■ I - MOTION. 

fiSS. The three fiustors of motion. — Come 
hepe beside the table and lay yonr fore arm A, flat upon 
it (fig. 3]. Now fold 
your fore arm A back- 
wards towards your 
arm B 'lig. 4). Very 
well : this is a move- 
ment. Let us see what 
has taken place. 

3. You are all per- 
fectly aware that there 
is a bone fi [£g. 5] in 
the arm and another 
bone C (in reality there 
aretwo) in the fore-arm. 
each other at A, the 




4. These bones are in contact w 



MOTION. 



273 




elbow, and there work upon one another. The move- 
ment you made had 
the result of bring- 
ing near each other 
the bone G and the 

\\nna "R inat Wlea ^'^' 5- —The bones C and B have played on each 
XJOUe J>, jusi Uiiii ^ther at the articulation A of the elbow. 

the two arms of a 

compass. These bones play on one another at the 
elbow, a point disposed for that purposes, and which is 
called a, j oint y or to use abetter expres- 
sion an articulation. 

These bones are hard as wood. Were 
they all alone they would remain end 
on end, no more able to move than the 
arms of the compass. 1. Something 
else is necessary to enable them to move, 
and this sometning is what is called a 
miiscle. 

Once more I ask you to bend your 
fore-arm back upon your arm. And 
whilst you do so, grasp with the other ^'^mi^n^^a/^jj 
hand the thick part of your arm. During that^is'^lard and 
the movement you can feel at A some- bulky —it is the 

ri' .1 - "^ 1 1 1 1 n • mu8cle flector of 

thing that grows harder and bulkier the fore-arm. 
under your grasp. This is the great 
mobile muscle ot the fore-arm, or to use the physiolo- 
gical expression the flexor mitscle of the fore-arm, that 
18 in action (fig. 6). 

2. There are then in this movement three parts to be 
considered : bones, articulations and muscles. 




1. The bones, or the skeletonJ 

3. We already know that skeleton (fig. 7) is the name 
given to the bony framework of the wnole body, and that 
tnis skeleton is composed of three great and distinct 
parts : the vertebral column with the ribs, B, the skull 
A, and the bones CG of Uie limbs. 



1. What name is given to that 
which causes the bones to mDve? 
— 2. How many organs then have 
we to consider in each movement? 



— 3. What is a skeleton? What 
arc the three leading parts thtt 
compose a skeleton? 
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9S4. TKpions fihapea of bones. — 1. Thcso 

booesare extremely variod in shape ilookat these chicken 
bones that I laid at>ide at dinner yesterday (fig. 8) : some 
are long. A; others are flat- 
tened out, B: others short 
and irregularly shaped, C. 
Only, however different in 
form, all are of similar com- 
position. 




S2^. Composition ofbonos. — See, I put one of 
thed'e bones into strong vinegar (fig. 9), Immediately 
tiny bubbles of gas escape from it : this gas is carbonic 
acid. 2. For carbonate of lime is one of the constituents 
of bones. They also contain phosphate of lime; indeed 
it'is, as I have already told you, from bones t}iat 
phosphorus is extracted. 

See here is a bone similar to the one we have just 
spoken about, but which has remained steeped in vinegar 
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for several days. 1. The ca/rbonate of lime and pbos-- 
phate of Ivme have both been dissolved, and that which 
remains of the bone is quite flexible. 2. If I put it in 
the fire it will entirely disappear : this is what is called 
the organic part of the bone. 

3. U is the living part of bone, 

4. Thus there are two parts in bone, intimately related 
to each other : organic matter and mineral matter. 

This last has not always existed in the bone. 5. When 
very young, bone contains no mineral matter: it is at 
first quite soft and flexible ; afterwards the earthy matter 
makes its appearance in certain parts. 6. These soft flexible 
young bones are called gristle or cartilage. 

S26. Structure of bones. — Let us cut this rab- 
bit's bone across, it is the thigh bone (fig. 10). 7. You 





Fig. 10. — The bone is hollow aind Fig. 11. — The vertebra of a rabbit, 
eontzms bony marrow, which has showing the spongy tissue A. 

the property of making bone. 

can see that it is hollow and encloses a sort of canal. 8. 
In this canal is to be found a pulpy substance called 
marrow. 9. It is this substance that has the property 
of making bone, and that enables it to become whole 
again when it has been broken or fractured , as doctors 
say. 

Here is a rabbit's vertebra* (fig. 1 1) ; I also cut it across. 
10. We do not find here a canal for marrow ; but the bony 
marrow exists all the same, in this sort of internal net-' 
work A which has some resemblance to a sponge, hence 
the name of spongy tissue given to it. 

8S7. Vertebral column. — 11. The vertebral 
column AB (fig. 12) is formed of a series of vertebrae, A, 



1. What remains when the car- 
bonate and phosphate of lime are dis- 
solved in vinegar? — 2. What name 
is given to this matter? — 3. What 
part 6f the bone is it? — 4. In that 
ease, what is there in bones? — 
5. What peculiarity do the bones of 
young animals present? — 6. What 



name is given to bones that are soft? 
— 7. Are bones solid or hollow? — 
6. What is in the internal cavity of 
bones? — 9. What property does 
marrow possess? — 10. Amongst 
vertebrse by what is the canal for 
marrow replaced? — 11. Of what is 
the vertebral column formed? 
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piled the one on the other. 1. Each vertehra (fig. 13) 
IS compo!ieil of a solid mass or body. A, and ■ Dony 
ring, B, behind. Pray observe 
I say " behind " because il is 
our own vertebral columalhave 
in view; werel alluding to a qua- 
druped I should say ^ above ». 

3. All these rings placed one 
above another enclose what is 
(tailed the i^inal canal. 

Several regions are observ- 
able in the vertebral column. 

3. First the neck, or cervical 
region C, composed of seven 
vertebrw that have nothing par- 
ticular about them. 4. Then 
the thoracic or dorsal region 
I), composed in mankind of IS 
vertebnp. 5, Each of these 
bears a special bone or rib E 
directed fonvards, in a curved 
manner, and united to the op- 

rsite rib by the costal cartilage 
and a series of hones G thai 
you can easily feel in front of 
^ig.u.— AB.verwbraieoiymn. the chest. 6- The thoCacic ver- 
coauining the tjttm\ canal tebiip, the ribs, along with the 
;, ribs. — F, i-osta! parMLages. costal Cartilages ana sternum, 

ranion —yiC'rauilaL region' '^'"''^ ^^^ * ^'""' °^ ''P^" WOrk 

i, bonw'otthB |ioiTi6(hipj. Cage, wider in its under parts 
% SS^L\''KRion'""'''' ''^*° >° '^^ upper, commonh 

il thoracic • called the diesl, and scientifi- 

!'m"™i'' \ "^""y thorax (a Greek. word 

. • . , that has the same meaning). 

7. Next the dorsal region comes the lumbar region,n. 




1. Of wliat is earh vrli-b 


1 com- 


posed!— S.Wha 




l>used? — l. What lio all \bt 


ae riaps. 


rilv do lb< T*r 




placed one on anolher, form 


f - 3. 


reBion present? 




WbalnameisBivfiitoIhe 


■*B.onof 


evb rib uDilril 1 


the opposite o»r 


Hnnectr-Ofiiowinan. ve 


ebra is 


— S. What do 


he AnttaX Ter^ebra, 






the ribs, the rost 


1 cartilages and the 


ginn 10 Ihe region at Ih 


biFt> 


sternum (oroit 


- 1. Wh*t neio> 


-Of how m»riy vpriebnr is 


it tom- 


fomes iltai lh« 


»-«! o«T ^ 
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with ribless vertebrie like those of the neck C, 1. then 

the sacra/ region I, in which five 

vertebrae are welded together so 

as to form only one bone, tBe 

sacrum, with which the hones R 

of the lower limbs articulate. ■■''«■ '^■ 

3. LasUy, there is the caudal ^,l",^^\^ ^'^^iZ, 
rej^on J, which in long tailed ani- front. abo>e. 

mals has ofien a great number of a. i^m'v "' «i8 verwbn. 
vertebree, but in mankind is re- 'iii'™''or"iiiB oiKr°vpri'B- 
duced to two or three little bones t™ ">» »pi»«i eanat, in 
called coccyx. '^^ '' '"""" "" "^"^ 

888. SknU. — 3. At the upper 
end of the vertebral column is situated the sknll {iig. Ik). 
It ia a sort of bony box, the cavity ' of which 
is continuous with that of the spinal canal (see p. 310). 





The skull is composed of a goodly number of bones 
whose names wo will hereafter learn. 4. In front are 
the cavities or orbits A B io which the eyes are set; 
G, the nasal chambers, and the two jaws D E, set 
with teeth, between which is the opening of the mouth. 




limb (arm and fore-arm 
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1, The upper jaw D is stationary, being quite one 
vith the skull. 2. On the contrary the under jaw 
E is movable*, srticu> 
lating with the skull 
as you all know. 

830. I.lmb bo- 
nes. — 5. The upper 
limbs (fig. 15) {fore 
limbs in quadrupeds") 
are composed of seve- 
ral parts, as you know : 
the arm (from the 
shoulder to the elbow) 
H;metacar""a(p.TmT fore-orm, wrist,pabn 
' ■ 'mgas (Dng«c and fingers. 4. The 
i*(eiireraitj of names given to the 
lis). bones are, hnmerus, 

'••"•" ' ' for that of the arm D; 

radius and ulna or cnbitus for the bones E, F, of 
the fore-arm; carpus for the wrist bones G; meta- 
-. carpus for the bones H, 

y^~-^ of the palm; phalanges I, 

the finger bones. In rea- 
lity, the metacarpal bones 
ji \ those of the palni| are sim- 

^=^ L \ ^?=te^ ply the first pnalanges, 
the only, difference being 
that they are not free like 
the others; but in this bat's 
; wing you can see they 
' are quite similar to the 
others, so that each linger 
seems to have four phalanges A, B, C, D (fig. 16). 
5. One of the two bones of the fore arm, the ciii>ilus 
or ulna P is the direct continuation of the humerus D, 
its upper end J forms the elbow, hence its name cwfc^- 
Ivs, a Latin word meaning elbow. It so fits the bume- 




OnRcra A, B, C, D. 



I. Is the upper Jaw fl»d or mo- 


bon.mthe.rn.;Toth.l,»bon*sin 


vd,lel _ a. And Iha under J.w! 


Ihefore-amiTTollie wriel bones? To 


-3. What names are giveo Id \bi 


tlie bones in the p.lm of the hind?- 


differeiit parts of Ibe upper limbs? 


To Uie Bnger bonesT — t. Wh«l doei 


- 4. IVhal name is given to Ih. 


Ibe upper mi d( the hunterus rorni ? 
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rus D as to execute only compass -like movements, 

1. The other bone, E radius (ray) 

turns on the cubitus in the most 

curious manner, carrying along 

with it the wrist, and the whole 

of the hand. These movements 

of the radius render us most 

important services : no animal is 

so well endowed in this respect. 

2. The arm is attached to the 
body by two bones : the should- 
er made (see preceding pagej a 
flat bone, with which the hume- 
rus D is articulated. The shoulder 
blade is directed backwards and 
lies upon the thorax, without 
being united with 'it anywhere; 
the clavicle, B, or collar bone 
is placed like a cross bar, pass- 
ing between the shoulder blade 
ana the sternum, A, where it is 
firmly fixed. 

3. In the lower limb (fig. 17) we 
distinguish the thigh^ the leg (from 
the knee to the foot) the instep^ 
the sole, the loes. 

4. The names of the bones are : Fig. n. —Lower limb (thigh, 
lemur G, the thigh bone ; tibia ^ ^J^ r„lrio?eitremit 

and fibula the two bones E, E' orthe^ertebraT "lu^mS)/ 

of the leg; tarsus, the bones F, b, peim (hip).|| 

G of the instep, metatarsus the S; jTaTeiiVKap). 

bones H of the sole ; phalanges p; t^^^'a ^ I Leg). 

the bones I of the toes. The F,'G,ta«u8 (instep). 

tibia is the thick bone of the h» metaursus (sole). 

front of the leg, shin bone as it J; rrlibf^iumUrH). 
is called : it supports the body, 
and extends from the femur G to the tarsus F; the 
fibula is a long slender bone, it has no special use. 




1. What peculiarity does the radius 
present ? — 2. By what bones is the 
arm attached to the body ? — 8. What 
do we remark in the lower limb ? — 
4. What name is given to the thigh 



bone ? To the two bones in the leg? 
To the bones in the instep? To the 
bones in the soles of the feet? To 
the bones in the toes? 
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1. The two femora G, that of the right thigh and that 
of the left, articulate upon a broad and solid bony girdle, 
B, called the pelvis, A, (the haunch), which ia joined 
backwards to the sacrum (the under end of the verte- 
bral column). This forms a solid base upon w^hich the 
body can rest. 

So much for the bones ; we will now pass on to the 
study of their articulations. 

2. Articulations. 

230. 2. Articulations are, as I have already told 
you, the parts D (fig. 18) where any two or more 
honesy tJiat are to play on one another, come in 
contact. 



i\_ 





Fig. 18. — D, articulation. — A, hu- 
merus. — B, ulna. — C, radius. 



Fig. 19. — B, ligaments holding 
the bones in place. 



3. In order to facilitate their movements each of the 
bones is in those parts covered over with a sort of po- 
lislied shiny cap of gristle, constantly kept moist by 
some drops of liquid. 4. And in order to assure 
sufficient solidity to the articulation, iibrous bands 
or ligaments (fig. 19^ pass from one bone to an- 
other. 

5. When, subsequently to a stumble or any awkward 
movement these ligaments are strained, sometimes even 
rent, people say that the member is sprained. 6. When 
the movement has been so violent that the t\\-o bones 
are rent apart, the articulation thus being destroyed, the 
limb is said to be dislocated, and it is veryimpor- 



1. Vpoti what do the two femora 
artioulMo? To what boue is the 
|»ehis5 or basin joined? — 2. Give 
fho definition of an art\cu\a\ioti. — . 
J. U*h»t facilitates the movemenU \ 



of the joints? — 4. How is the soli- 
dity of the articulation assnnJ?- 
5. What is a sprain? — S. Wktt 
is there a dislo<*at ion ? 
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tant that it should be set in its proper place without 
delay. 

You can easily understand that articulations may be 
very differently shaped according to their destined func- 
tions. But these are details into which we cannot enter 
at present. 

3. Muscles. 

251. It is much more interesting for us to go on 
studying muscles, which play an active and efficacious 
part in locomotion. 

1. What physiologists* call muscles is what is com- 
monly called flesJt or more vulgarly meat. 2. You 
can easily see that it consists of 
a mass of red filaments G (fig. 20) 
placed alongside of each other and 
fastened to a bone at each end. 

3. Often the muscle is not itself 
fixed on the bone, but is attached 
to it by sorts of strong whitish cords 
A, A, called by anatomists* ten- 
dons or sinews. The muscle in 
this -case acts by the intermediary 
of the sinew, as you might draw 
anything, not directly with your Fig.20. — c, oneofthe 
hands, but with the help of a rope. , "»"^\«« ^^ *»^« ^'J^- 

t%*tn mm i * ^ * ^. A, A, tendops. When 

SSoSb. iHuSCulary COntractl- the muscle C, con- 

lity. — The filaments or fibres of tracts, the fore-arm d, 

muscles have a very peculiar pro- 
perty. 4. When they are pricked, or cut, or burned 
or struck, when they are excited by electricity, in a 
word, whenever and however they are irritated, they 
shorten^ or to use a more technical expression, they 
contract as physiologists say. 5. Evidently this brings 
their two ends nearer to each other, and along with 
them, the bone to which they are fastened. 

This is what happened to your fore arm a little 
while ago. 




1. Hy what naino are muscles 
nsually known? — 2. Give a defini- 
tion of a muscle. — 3. How are the 
muscles attached to the bone? — 



4. What peculiarity do they present? 
— 5. What are the consequences of 
this contraction? 
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1. In your arm there is a muscle thai passes from 
the upper part, A, of the humerus to the beginning of the 
B, fore-arm. When it shortens, as the humerus is so- 
lidly fixed to the shoulder, the result is, that the fore-arm 
ia lifted up in the direction of the arrow, carrying the 
hand along with it. Of course the muscle cannot he- 
come shorter without becoming thicker, and that is why 
you felt it become hard and bulky in your arm. 

A very curious thing it is to study closely, this con- 
traction of the muscles. Luckily the farmer's wife has 
brought for supper a rabbit that was killed but a few 




minutes ago. Paul, fetch me the electric pile. 2. 1 touch 
the two ends of the muscle A with the two poles 
(fig. 21), see how it immediately swells out andsftoW- 
ens, and yet the rabbit is quite dead. 

S33. Number and variety of muscles. — All 
other muscles give a similar result, and you see I pro- 
voke alt sorts of movements by exciting successively the 
different muscles of the dead rabbit. 

And these are not few in number. Some set the feet 
inrmotion, bend or spread out the toes; others act on the 
position of the bead, others on the vertebral column, 
others on the abdomen. In short, to give you some idei 
of their multiplicity, I may tell you that upwards of 
two hundred have been counted in a man's body, each 
having its own special part to play. 

You must understana, however, that it is not my in- 
tention that we should study all these muscles; that is 
for doctors and surgeons ' to do, for they must needs be 
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well versed in anatomy y that is to say, the details of all 
the parts of the body. 

l!54. Death Btiffening. ^- See the muscles of 
the rabbit hardly contract any longer : In a few mi- 
nutes it will even be quite impossible to excite any one 
of them ; they will be quite stiff; 1. this is what is called 
the death stiffening. This inevitably happens to all 
dead animals. 2. When it ceases, the muscle is ready 
to rot, or properly speaking to putrefy; people say 
putrefaction sets in. 

Locomotion. 

258. There are many kinds of movements, all of 
which are executed witn the aid of the muscles : for 
instance, we can at will bow down, lift up, or turn 
about our head, carry our hands to our mouth or put 
them behind our back ; open or shut our jaws, our lips, 
our eyes, etc., etc. 

But there are some movements of peculiar interest 
because they enable us to move from place to place, to 
walk, to run, etc. 3. These are said to be movements 
of locomotion (from the Latin locus^ place, and mo- 
vere, to move). It is to such movements I now wish to 
direct your attention. 

236. Standing. — 4. In the first place, I must 
tell you about the muscular action required to stand 
upright. 

I seem rather to astonish Master George. — Why, 
yes, Sir, you speak about movement : when a person 
stands he makes no movement, for he does not stir from 
the spot. — What you say looks true enough certainly, 
and yet it is not so ; for if the person makes no evident 
movements, at least he hinaers certain movements 
being made. See, stand forward before me. Do you 
think you could remain so for a long time. — Oh no, 
sir! one is soon tired of standing* motionless. — Why 
should one soon be tired? — Because one must keep 



1. What phenomenon may be 
observed in all dead animals? — 
2. When the rigidity ceases, into what 
state will the muscle shortly enter? 
. — 8. What name is given to the 



movements that enable us to walk? 
— 4. What name is given tu the 
muscular actions that enable us to 
stand upright? 
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poifectly npriglit. — And how do you keep yourself 

qnitp iiprif-fil? In stretching your legs, your Tjack, snd 
your body, is it not?. What 
would happeu were you not 
to stretch vouraelf up? — My 
Ipgs would bend, aad I should 
Ikfi down. 

— Well, of course that would 
be the result, and certainly 
this downfall would be a move- 
ment, though an unpleasant 
one that you woula rather 
avoid. How do you avoid 
it? 1. By contracting cer- 
tain muscles. Follow atteo- 
lively what I am going to tell 
you. 

See here, your foot rests 
firmlyonthe ground. 2.If;DU 
did not keep your muscles 
tight, your leg, from D to B 
would bend forwards. To, 
keep it from doing so, the mus- 
cles A of the calf of the leg 
(iig. 22), which reach from the 
tibia (shinbone) to the heel, 
>om°ii'° contract vigorously. Put your 
ned by hand on tnera, and you can 
''*'■ feet that they are hard. Thus 
in«'to you see the leg is hxed straight 
'."'- above the foot. 3, Again were 
'^' you to let your muscles slack- 
'''hoT^i™ rfllin'' tlirwafll ""' ^^iliie '%'* f™™ ^ ^0 G would 
G. mu8ri™ot the bins n'hifh hend backwards. To keep you 

BusUiii the >erlebral rolumn unnght, a powerful muScle C, 
II, muacles uf the noft tlml sup- ^ '^ • '^r . i- .1 .1 ■ 1 

port ths heait. Situated in tront 01 the thigh, 

contracts and straightens it. 

This muscle presents a curious peculiarity. 4- At 

its lower end it 11 terminated by a tnick stnew; this is 
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in itself nothing beyond that which we have already 
seen, but what is very remarkable is, that in the middle 
of the sinew a bone exists, the patella or knee pan, that 
presses, when the muscle is in action, upon the femur 
(thigh bone), and on the tibia (shinbone), and ^ which 
closes the front of the knee joint : with your lingers you 
can easily force this patella to move. 

So much for the leg and the thigh. 1. But the body 
also would fall forwards were it not kept up by the large 
muscles that are fastened behind to the pelvis (tne 
haunches). 2. Lastly, the vertebral column and the 
head are also kept up and sustained in erect attitude 
by the contraction oi the muscles of the loins G and 
the neck H. 

3. So you see your body is by no means at rest when 
standing upright, far from it, 

4. It IS for this reason that the calves of the legs, the 
thighs, the loins and the neck are soon pained under pro- 
longed standing. Even when seated, neither your ver- 
tebral column nor your head is at rest. And that is 
why backs were invented for chairs ; for that reason also 
you let your bodies lie forward on your desks, although 
you are told that this is a very bad habit, and that you 
may become hump-backed if you do not take care. 

x57. IValkin^ and running. — From stand- 
ing to locomotion the transition is easy. George, 
you that have remained on foot, lean forward; more so, 
and yet more so... Ah, you were just going to fall, so 
you put forward your left foot : in doing this you made 
a step. There you are now in equilibrium on your two 
feet set apart. Lean forward once more; aeain you feel 
ready to fall, and this time it is the right foot you pass 
rapioly in front of the left. You have thus taken an- 
other step, you have walked. 5. Walking is then a 
series of partial falls in a forward direction : falls 
checked just in time. 

In walking, at least one foot is always on the ground, 
the body being supported alternately by the one and the 
other. In runnirig, the feet are in such rapid motion 



1. Which muscle prevents the body 
from falling forward? — 2. Which 
are the muscles that sustain the ver- 
tebra] column and the head ? — 



3. What conclusion do you arrive 
at in consequence? — 4. What are 
the results of standing a long time? 
— 5. What is walking? 
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that they are never both at a time on the ground ; and at 
regular intervals the body is altogether in the air, and 
not in contact with the soil at all. 1. So running is 
a series of leaps. 

There is great variety in the detail of locomotion ot 
animals. 

2. Quadrupeds walky trot, gallop, etc.; aerial* animals 
fty ; aquatic animals swim; limbless animals creep. 
3. But however varied these movements may outwardly 
be, they are always the resi/lt of muscles contracting 
and acting upon solid parts. 4. In the case of verte- 
brates*, the solid parts are the bones; in the case of in- 
vertebrates*, the muscles act upon the hardened skin, 
as with insects for example : be this as it may, ihemvscle 
always plays the most important part. 

25B. Voluntary and involuntary motion. — 
All the movements of which we hav« just been speaking 
are voluntary. 5. You can lift -your arm or keep it 
still, open or close your mouth at will. Yet there are 
movements that you can make at willy but which 
your will cannot prevent. 6. Thus you can wink as 
often as you like ; iut I defy you to keep from winking 
were I to touch your eye, or even were I to make you 
believe I wished, to touch it: you can also accelerate 
yaur breathing, but you cannot avoid breathing. Put a 
tit of breadin your mouth and chew it; as long as it is 
in your mouth you can do with it what you will, but 
once it enters into your throat it is seized, carried off 
and swallowed without your having any more power over 
it. We have then before us a second category of move- 
ments that are to a certain extent both voluntary and 
involuntary. 

There also exist others, quite involuntary, which 
we can neither produce nor hinder, and of which we 
often have no knowledge, 7. For instance, unless we 
put our hand on our breast ive do not feel our heart 
beat; we have not the sensation that our stomach and 



1. What is running? — 2. Name 
the different varieties of locomotion 
in animals. — 3. In a general man- 
ner how are these movements pro- 
duced ? — 4. J3v what are the bones 
ordinarily replaced amongst the in- 



vertebrates? — 6. Name some vo- 
luntary movements. — 6. Mention 
some movements that can be pro- 
duced at will, but that cannot be 
prevented. — 7. Name some others 
iVial are cvaile involuntary. 
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our intestines contract, and we might vainly endeavour 
to accelerate the beating of our heart or the contraction 
of our stomach. 

These movements over which we have no control, are 
the nfost important for the conservation of our existence. 
Were we able to arrest the beating of our heart or our 
respiratory movements, we should immediately perish : 
it is therefore better for us that we have no power over them . 



SUMMARY. — Motion. 

1. The three problems of physiology arc Nutrition, Sensation, 
and Motion. 

2. HotioB (p. 272). — In every movement there are to be con- 
sidered : the bones, the joints, and the muscles. 

3. Bones (p. 273). — The skeleton is composed of three distinct 
parts : ihe spinal column, and ribSj the skull, and the bones of the 
limhs. 

4. The bones are composed of an organic or animal substance 
called cartilage, and of a stony-mineral matter formed of carbo- 
nate of lime and of phosphate of lim^'. 

5. The marroWj ^hich has the properly of making bone^ is 
found in the interior of the bone itself. 

6. The aplnal colaniB (p. 275). — The spinal column is 
composed of vertebrx, which vertebrae are themselves formed of a 
solid body and a ring or arch. 

7. The superposed rings of all the vertebrsB form a sort of tube, 
called the spinal canal, which canal communicates with the cavity 
of the skull. 

8. The dorsal or thoracic vertebrae bear ribs, united in front by 
the costal cartilages, and the sternum,. The kind of cage thus 
formed is the thorax. 

9. At the lower part of the spinal columrt, Ave vertebrae, closely 
onited, form one single bone, the sacrum, which is attaclied to the 
bone of the pelvis (haunch). 

10. The aknll (p. 277). — The skull is placed at the upper 
extremity of the spinal column. 

11. In the skull you can observe the orbits for the two eyes, the 
cavities of the nasal chambers, and, underneath, the iyvo javjs bear- 
ing teeth. 

12. The upper jaw, intimately united with the skull, is fixed; the 
under jaw moves up and down. 

13. Bones of the llaiba (p. 278). — The bones of the upper 
limbs are : the humerus, which passes from the shoulder to the 
elbow ^ the radius and the ulna, from the elbow to the wrist; the 
carpus^ which comprises the wrist bones; the metacarpus ^ which 
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comprises those of the palm of the hand; and the phalanges or 
bones of the fingers. 

14. The elbow is formed by the extremity of the ulna. 

15. TIic humerus (arm-bone) articulates upon the scapula or 
shoulder blade, which is lodged behind upon the thorax, but with- 
out however fixing itself to the spinal column. 

The scapula is supported by the clavicle (collar-bone), which ex- 
tends from it to the sternum (breast-bone), to which it is solidly fixed. 

16. The bones of the lower members are : the femur j which 
extends from the haunch to the knee; the tibia and the fibula, 
which extend from the knee to the ankle; the tarsus^ which com- 
prises the ankle b(mes; the metatarsus , which comprises the bones 
of the sole of the foot ; and the phalanges or bones of the toes. 

17. Besides all these there is still another bone at the knee called 
patella, 

18. The two femora articulate with i\\% pelvis (haunch bone) which 
extends to, and joins the sacrum (lower extremity of the spinal 
column). 

19. Joints ([). 280). — Joints or articulations are those points 
at which two bones, destined to [)lay on each other, come in contact. 

20. To assure the solidity of the joints, there are bandlets or 
ligaments which go from one joint to another. 

21. A sprain is occasioned by the distending or rending of 
these ligaments; when any two bones are forcibly disconnected a 
dislocation is the result. 

22. Muscles (p. 281). — Muscles, vulgarly called flesh or 
meat, are masses of red filaments or fibres fixed to the extremities 
of the bones, and having the property of contracting or shrinking. 

Instead of being fixed directly on the bones themselves, they arc 
attached to them by means of tendons or sinews, a sort of cord, 
white and firm. 

23. It is our muscles which permit us to move our arms, legs, 
head, jaws, lips, cheeks, eyes, etc. 

24. When we stand upright, it is the contraction of musch^s 
that prevent the body from bending. To stand, then, is not to rest. 

25. To lift your arm, to open your mouth, etc. are voluntary 
movements; but there are movements which are to a certain extent 
both voluntary and involuntary, such as winking, for example; 
others again are always involuntary, such as the beating of thiv 
heart, or the contracting of the stomach. 

[Simple Subjects for composition are to be found at page 323.1 



II — NUTRITION. 

239. How, and why do we eat? We are all aware 
that we take food, that we digest it, that we absorb the 
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freater part and that we eliminate the rest. But how 
oes all this work go on, and what is the use of it? 

1. Digestion. 

240. We procure food, we put it in our mouth ; when 
this food is of little hulk, or when it is liquid, we 
swallow it immediately ; when it is too big for this we 
chew or masticate it, in order to break it up. 

241. Teeth. — 1. The process of mastication* is 
gone through with the help of the teeth, that cut 
and masticate, and the 
tongue , a muscular 
organ, very active and 
easily moved, that con- 
stantly brings the food 
under the teeth, and 
rolls it into a sort of 

ball when ready to be Fig. 23. — Human jaw, showing the teeth 

swallowed. covered and uncovered by the gums. — 

2. There is great a. .ncsors. - B, canine,. _ C. molars. 

variety in the shape of teeth (6g, 23) : they are sharp in 
front, incisor teeth A; pointed on the sides, canine 
teeth B; grinders behind, molar teeth G. 3. I have, 




_c 






\iid,jr^ 




Fig. 24. — A cat's 
jaw. 



Fig. 25. — A sheep's 
jaw. 



Fig. 2G. — A rabbit's 
jaw. 



or rather I ought to have, in my mouth in each jaw, 4 in- 
cisors, 2 canines, 10 molars, altogether 32 teeth. 4. You 
children when under seven had only 20 in all, having 
but 4 molars in each jaw. Subsequently you lost those, 
and your second dentition began. 

The number as well as the shape of teeth varies greatly 



1. How is mastication performed? 
— 2. What are the different kinds 
of teeth? — 3. How many incisors 
has an adult man in each jaw? — 



How many canine? How many mo- 
lars? — 4. How many teeth have we 
up to the age of seven ? — Whence 
comes this difference? 
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according to the group of animals to which they belong. 
We have already seen that those of the cat (fig. 2k) differ 
from those of the sheep (fig, 25) and those of the rabbit 
(fig. 26|. But they all have essentially the same com- 
position. 1. They are all in ivory, and planted by 
one or several roots B B' (fig. 27) into pits or alveola of 




the jaw. 2. The part A that protrudes from the jaw bone 

is covered over with enamel, a Iransparont substance 

harder ihan the ivory. 3. Inside 

the tooth is a cavity into which 

run tiny blood vessels and nerves. 

4. When it happens that die 

enamel is destroyed, the ivory 

decays and spoils very easily, a 

hole IS formed and the tooth decays. 

If the hole reaches the cavity in 

which the nerves are lodged., it 

'1 gives rise to acute pain, as almost 

Fig.sB.— A, salivary e'»f"is. everybody unfortunately knows 

from experience. 
■ 942. Saliva. — 5. The mastication of the food is 
facilitated by an outflow of saliva, a fluid formed in 
the salivary glands A (fig. 28). 
6. The name gland is given in physiology to organs 

1. Of nhat malerial are Iceth produced? Wh«a 13 there a paiDfuL 
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that secrete^ that is to say that fabricate and give out pai^ 
ticolar liquids or products ; thus tears are formed in the 
lachrymal glands, 
sweat in the aurfo- 
tiparotts glands. 
4. The saliva runs 
into the mouth by 
several small open- 
ings, some of wbich 
are under the 




root, and aru very 

1143.* Begluti- 

tion. — 2. When 
the aliments have 
been properly mas- 
ticated and mixed 
with saliva, the 
tongue guides them 
to the opening; of 
the throat, where 
by a muscular con- 
traction they ari' 
seized and swallow- 
ed. ThJa operation 
is called deglali- 
tion. 

S44. Alimen- _^^^ 

tmry caniJ. — M%™t«ii)si 
8. - The aliments a, ub«, wHi-n 
Aen descend a sort SS^,!""" 
of tube A (Qg. 29) B.hJrt/' 
called oesophagus, [;■ '■il,'*™i„. 
situated in front of 
the vei'lehral iroliimn, therein they traverse the whole 
breast and arrive at the Btomacti C. 4 This tube is of 
eotirse very lone in lonff-necked animals, and it is quite 
easy to see the food passing down in the neck of a horse 
or a goose. 

1. Uu>-do«> U.r> Mljo «i>Li 
lOUthT — 1. What la ilagluli 
- 3. Wbat becamia at lli 
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1. Tbc siomacti is a. sort of pouch (fi^.30) capable, fl 


man, nf holding ahiuil from two lo th 


I'L'L' iiinls. 2. Frq^ 


, it iho food paesiis lulu the small intestine, another til^l 


1 r- 


ah out the ihic 
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ness of one 
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numher of time 
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1. The first of these juices is the saliva. U any of 
you have ever happened to chew and rechew for a good 
while a little bit of bread, you may have observed that 
after some time the bread acquired a sweet taste. 

2. And this is not astonishing, since saliva has the 
effect of transformina bread into sugar, or to speak 
with more precision tne flour or starch into sugar; it 
is of no consequence whether this starch or flour be 
made from wheat or potatoes or peas, etc. 

3. The coat of the stomach is beset with minute glands^ 
from which ooze out, drop by drop, a considerable quan- 
tity of juice called gastric juice (from gaster, stomach). 
4. Gastric juice dissolves meat^ white of egg, and in 
general all animal matter. 

S. Besides, the walls of the small intestine are all beset 
with small glands from which oozes a juice capable both 
of transforming into sugar all floury or starchy matter, 
and dissolving all the meats which have escaped the 
action of the saliva and the gastric juice. 6. Another 
gland almost as big as my fist, known under the name 
of pancreas, acts upon meat, floury, fat matter. 

7. There is also an immense gland called the liver G, 
lodged at the right side of the abdomen near the sto- 
macn. This secretes and pours into the small intestine, 
the greenish yellow bile ; in doing that it also effects 
important changes in the blood itself. 

^46. The purpose of digestion. — 8. In short 
you see that the purpose of digestion is to dissolve the 
alimentSy and so act upon them as to render them fit 
for use. 

2. Absorption. 

247. Blood the dispenser of food. — But why 

all these processes. 9. It is because, our food in order 
to be able to feed and nourish us, must needs pass 
through the coats of the intestine and enter into the 



1. Name one of the digestives juices. 
— 2. What is the effect of saliva? — 
3. Name juice secreted by the sto- 
mach. — 4. What is the effect of 
gastric juice? — 5. What is the office 
of the glands that are found all along 
the small i^te^tine? — 6. Amongst 



these glands, name one that is 
nearly as large as the fist. — 7. What 
is the function of the liver ? 
8. What is, in short, the purpose 
of digestion? — 9. Why all these 
processes? 
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blood. Of fmr^i: if ibe alimeoU RmAined in i solid 
slate ihi? would be impossible. 

1. If thfr alimecl remaioed in the alimenury ranal 
alone, il Koul'i W of so use to the body, one michl 
almost &'* «•>!■ have il in the hollov of iheir hand. /W 
(A« jttn (A/i( rovers over all our body, enters from 
the li}>» ond liiiff the ufiole alimentafy eaital. 

2- Only it lo^^e^^ the appevance it has outside the 
body and bF-'<>nte5 more pulpy : in this stale it is called 
a Bncons m embrace. 

3. The dissolved aliment must pus into tke Uoed, 
and be earned by il to the utmost parts of the bodv. 
For, as vou wetl know, there is blood everywhere in 
your body: you may prick yoareelves no matter where, 
with the finest of oeedles, a drop of blood will always 
be fortbcoraing. 

3. Blood and Circulation. 

948. Blood. — Were I to ask, what is blood? Tou 
would all answer: it is a red liquid. .\nd indeed il 
looks so. 4. Only in reality, blood is a yellowish 




liquid in which float a countless number of tiny red 
bodies called corpuscles. lo a cubic Hue there are 
about 50 millions of those liltle bodies (fig. 31'. Little 



glimffit prodor-i 
long as II rtmii 
b*? — I. Wbjl 
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though they be, they are so very numerous that it is 
computed that were all the eorpuscules contained in 
the blood of one man (about a gallon and a quarter) to 
be laid in a single row close end to end, they would 
form a chain long enough to go 4 times round the globe. 

249. Coagalation of blood. — When blood is 
drawn from a blood vessel and set in contact with the 
aic, it coagulates, that is to say, it curdles into a jelly - 
like mass. 

After a short time the relatively solid part thickens 
and shrivels up until it becomes a sort of dark red clot, 
which floats in a yellowish liquid called serum. 

This curious property of blood is of very great im- 
portance indeea; were it otherwise, the least cut or 
wound would bleed until complete exhaustion took place, 
whereas coagulation stopping up the opening of the 
vessel, hinders the outflow and allows the blood to re- 
take its regular course. 

280. Circulation of tbe blood. —7 Blood is 
contained in fine tubes or vessels, disposed in a compli- 
cated network all through the body. 1. In the breast, 
a little to the left, is the heart B (p. 292), a sort of pouch, 
or rather a sort of hollow muscle^ that contracts with 
regularity, expelling the blood it contains. 

2. The blood is brought to it by veins, and is carried 
out by arteries. The arteries break up into smaller 
and smaller branches as they .approach their destination 
(fig. 32). 3. They terminate in very fine tubes called 
capillary vessels, thus named from the Latin word 
capilluSy hair, although they are much finer than the 
finest hair. 4. These capillary vessels put the arteries 
in communication tvith the veins (fig. 33), thus per- 
mitting what is called the circulation of the blood. 
The veins, unlike the arteries, carry the blood back 
to the heart, and unite to form larger and larger trunks 
as they approach that organ. 5. The blood flows with 

great rapidity from the heart through the arteries into 
le capillaries, thence into the smaller veins, then into 



l.What is the function of the heart? 
— 2. How is the blood taken to the 
^•art? — By what is it carried 
oat of the heart? — 3. How ilu the 
X^ins and arteries terminate? — 



4. What have the capillary vessels 
to do? — 5. What course does the 
blood take in poin^:? through the body? 
— IIow long a lime does it take? 



596 VI. — ANIMAL PHYSIOLOCY. 

iho larger veins, that bring it back to the heart : all 
(his course is gone through in half a minule. 

1. The walls of veins are thin and flaccid, so that 
when opened, as in bleeding, they have a tendency 
to fall toother, thus causing 
the opening to close; there- 
fore, unless the wounds bear 
upon the large veins of the 
thigh, or those of the armpit 
or the neck, but little danger 
is incurred. 

2. On the contrary, arteries 
are rigid and tube-like, and 
when one is accidentally cut, 
the blood bursts forth with 
such force that it sometimea 
springs 3 yards off, hence 
hemorrhages (from the Greek 
haima, blood, and rhago, to 
burst), which would soon prove 
fatal if the open artery were 
not bound up in time. 

3. This property of arteries 
allows the blood under the 
impulsion of the heart (gene- 
rally once every second] to 
produce the shocks one can 

„j easily feel when the arteries 

are near the skin, as at the 

bI' oKuin 2f ihe aoru". temples and the wrists : this 

c', pnimomrj arterj'. is what doctora call the pulse'. 

D''C'',!i""«'m *■ Of all that I have been 

E,' ifins and arierie's ot the telling you about the blood, 

'"'"'^ what I most desire you to 

keep in mind is this : there is a circaiation caused by 

regular contractions of the heart, and resulting in the 

forcing of the blood from the heart along the arteries 

to the capillaries, and from these through the veins 

back again to the heart. 




■il Ibf naXlaf of Iheai 
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i.h« blood t 



NUTRITION. 297 

This is all we shall have to say on this subject at 
present. 

4. Oxigenation. 

281. 1. I have already told you that it is into the 
bloo'd, and by a very curious mechanism, which we 
will hereafter study, that the nutritive matter passes, 
after having been reduced to a liguid state. 2. Once 
there, the blood carries it off and distributes the needful 
share to every part of the whole body ; as for what 
remains, it is destroyed, or rather consumed, burned 
up in the blood itself. 

This seems to astonish you. I think 1 can hear you 
say, it is really not worth while putting food, in the 
blood merely tnat it may be destroyed ! Besides, how 
could it be consumed, or burned, there is no fire in the 
interior of one's body. 

Ah ! but there is fire in the body, my dear children ; 
not a big raging fire certainly, but a gentle fire, pro- 
ducing neither flames nor smoke. 3. And the proof of 
this is, that we have [when I say we, I include with 
us mammalia and birds) y as I nave already said and 
shewn you, an internal heat of 39 or 40 degrees centi- 
grade, temperature much higher than that of the sur- 
rounding air. In the depth of winter, in the icy regions 
of the North, when the outer air is at 50" under the 
freezing point, when the very fnercury freezes in the 
thermometer, man still retains his usual temperature. 
You see, then, there must be some internal fire that 
keeps up this heat. 

But, you ask me, what can produce this fire? What 
produces it in the stove, James? — The coals we put in 
It, Sir. — Of course; but is it the coals alone? Ah! this 
puzzles you. What do you say, Paul? — Why, Sir, air 
18 necessary; if you close the little opening under the 
fire place, the fire will soon die out. — Quite right. 
What then makes the coal thus burn? 4. Remember your 



1. Where do alimentary matters 
pass when liquid? — 2. What does 
the blood do with one part of this? 
— What becomes of the other part? 



— 3. What proves that an internal 
fire is kept up in the body ? — 
4. What causes the coal to burn in a 
stove? 
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lessons on chemistry. — Sir, it is the oxygen of the 
air. — ^Very well answered. And what is then produced, 
that escapes by the chimney along with the smoke? 
1. Carbonic acid gas and sometimes carbonic oxide. 
— Perfectly so. 

Well, children, this is just what goes on in our bodies. 

2. The aliments there burn, under the influence of the 
oxygen of air, carbonic acid is also produced there, 
but never carbonic oxide. Let us look more closely 
into this ; for really the thing is important enough to 
claim all our attention. 



5. Breathing. 

SiS2. In the first place, how does the air enter the 
body? — By the mouth. Sir. — What do you say, Paul? 
— By the nose. Sir. — You are both rignt, as regards 
mankind and some other animals. 

3. The real respiratory conduit is the nose : the horse, 
for instance, breathes only by the nose, never by the 
mouth. 

And where does the air thus introduced by the nose 
or the mouth pass? — Into the chest. — 4. That is true, 
but you had better say into the lungs. 

2o5. liimg^s. — 5. You all know what lungs are 
like, thev are what butchers call lights. They are often 
sold as food for pussy, who is said to be extremely fond 
of the dainty, i am very sure were these good people to 
ask pussy's opinion she would much prefer meat^ for the 
lights are a spongy morsel, hard to chew and containing, 
after all, little besides air. 

See, as we have still our dead rabbit, we will just look 
how the lungs are disposed. The house-wife may not 
be very well pleased, only science is well worth some 
sacrifice. 

With a pair of large scissors you see I cut away part 
of the right and left ribs, and tnereby the cavity oi the 
chest is laid open. You can see the heart A (fig. 34), and 
on each side the lungs B and C, soft and flabby. 



1. What is then produced ? — 2. A- 

pply these phenomena of combustion 

to oar bodies. — 8. Which is the real 



respiratory conduit? — 4.Where does 
the air go that webreathe? — 5. What is 
the vulgar name that is given to lungs ? 




■ ^'8o8 bere.alongsideof iheneck this tubeD,isatrength- 
Bned from place to pkrp by gristly rings, 1. It begins 
at tbe back part of ibn throat, and communicates with the 
lungs : it is by this conduit that air ipachaa the lungs; 
its name is wind-pipe. I make therein a little slit, and 
blow into it through a strawl See how the lungs swell 



1 




out with the air, which makes tbem look almost trans- 
parent. Whenever I leave off blowing they collapse, 
and expel nearlv all the air they contained. 

2. Ion see. then, lungs are hollow organs, whose 
atnieture is extremely complicated. 3- I will cut off a 
piece presently, and you will see that it very much re- 
eembles a sponge, fufl of air, as I told vou a little while 
ago. 4. The fact is, that it is formed by a miiltilude of 
amail tubes called fcronc/iia, closed up at tneir inner ends, 
and so iatricale!^ mingled and wrought into each other 
that it is almost impossible to follow them out. 

234. The larynx. — Such then are the organs 
into which the air penetrates. 6. Bufore proceeding to 
examine how the air enters, I shoidil like to lell you 
Bomelhing about the larjrnx and the voice. 6. The 
laryox, w'bich we can easily feel with our thumb and 
finger, in front of the neck A (Gg. 35), is formed by 
an enlargement of ihe wind-pipe, whose two upper 



m Ihe lungtT — B. lu 
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greater development, and are differently 
shaped to the others. 

1. Inside there are tvo tight- 
ened folds A, B (fig. 36), called 
vocal ligaments or chords, that 
become sonorous when forcibly 
struck by air, thereby produc- 



f 



A, lirirBi (ippintns of tit voi« 

B, irind pi|ic llbruugb irbirk it 



ing the sounds of the voice. 2. These sounds are subse- 
quently modified by their passage through the throat, 
_ by the action of the tongue, the cheeks, 

the lips, and when thus articulated, as 
people say, they constitute speech. 

Sd3. Respipatory move- 
ments. — Let us now return to the 
entrance of air into the lungs. How 
does it penetrate? A little while ago, 
I blew air through a straw into the 
rabbit's windpipe. But very evidently 
nobody thus acts upon you. 
Fig J'. — Re^iraiorj Esamine yourselves, each and all 
ihme'^s'iBipJiul^' ''^ J*"^ C"?' 37), by putting one hand 
(ihe ribs are raiud), on your brcBst, the Other on the ab~ 
riiHBre^tpre^ed']"'* (^omen. You thereby verify what in 
fact you already knew, that, regularly, 
about fifteen times every minute, you take breath, you 
make re^'plralori/ movements. And you are also aware 
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.ube A. uaetlr ib i 
! iBivMi by Iha «> 



ling first in- 
spiration, afterwards expiration. 

1. During inspiration, you feel your ribs raised 
and your chest widened out, while the abdomen swells 
as the air enters by the nostrils and reaches the lungs. 
2. During expiration the 
contrary takes place, the 
ribs sink down, the aL- 
domea flattens, the ca- 
vity of the chest bocomey 
less, and the air is ex- 
pelled, as from a pair of 
bellows, I 

As if from a pair of 
bellows I This is quite 
true. Air ia drawn into the chest just as into a bel- 
lows, it is expelled also as from a bellows, 3. See 
here isapair of bellows (fig.38) : I close upwilb a cork 
the holeB which generally gives entrance lo air; then 
I work the bellows as UHuaJ, and the aii- comes in and 
goes out by the pipe A, just as U goes in and comes 
out of our lungs by our wind-pipe. 

Only in our body, inslead of boards, there are ribs 
joined together by muscles covered over by skin, thus 
forming a sort of cage called the thorax. Do you see on 
our rabbit what closes in the cage below {p. 299). 

4. It is a sort of thin flat muscle stretched across, 
separating Ihe thorax, in which the lungs and the heart 
are situated, from the abdomen, which contains the 
stomach, intesiines, pancreas, liver, etc. 

5. This muscle is called tbe diaphragm. When at 
real, it forms a sort of arch (fig. 34). Wnea it contracts 
the arch flattens down ; of course thus giving greater 
capacity to the cavity* of the chest : this entails the 
swelling out of the abdomen, for the diaphragm in 
descending presses upon ihe intestine; at the same 
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lime the air enlers into the lungs by the wind-pipe 
(iig. 39), just as it enters into the hellows. Simulta- 
neously also, other muscles raise the ribs, enlarging out 
the chest still more, the sum of all these movements con- 
_ stilutes inspiration. 

'^, ^^^\ Expiration is sim- 

pler still {fig. 40). 
The diaphragm 
and the muscles Uiat 
lift up the ribs 
cease to contract; the 
lungs, that are very 
elastic, empty them- 
selves and collapse, 
as I showed you in 
those of the rabbit, 
drawing along with 
them the ribs that 
sink down under 
their traction , and 
the diaphragm that 
reassumes its arched 
position. The air na- 
turally is expelled, 
at least the ^ater 
part, the cavity of 
the thorax lessens and the abdomen becomes flat. 
You see the meclianism of respiration, as savants say, 
is not very difficult to understand. But yet, it is not 
allogelher quite so simple as I make it appear to you. 
206. ppodnctioa of heat. — So you see how. the 
air, and consequently oxygen, manages to enter in to our 
bodies. But I see you have something to say, Paul. 

— Sir, you said a little while ago that the oxygen 
contained in the air bums (he aliments in the blood, 

1'ust as it burns the coal in the stove. The aliments 
lave entered into the blood, as you told us, but the air, 
how can it burn them (here, since it only circulates in 
the lungs? My dear child, that was the very thing I was 

going to explain to you, but lam better pleased to see 
lat the q^uestion came from you. This question long 
remained insufGciently answered, and the real eiplana- 
tlon of the problem is quite recent. 
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I have already told you that blood circulates all 
through the body. 1. It must therefore pass through 
the lungs, and it circulates at such a rate that all the 
blood of the body passes in these oroans in about 
half a minute. 2. Until lately it was thought that the 
oxygen of the air consumed the materials of blood 
during its passage through the lungs, and that the 
furnace that keeps up our heat was situated in that 

E articular place. 3. But it was clear that if all the 
eat of the l)ody originated in that spot, the lungs would 
inevitably have been cooked, nay even reduced to 
ashes. 4. Subsequently it was ascertained that when 
the blood issues forth from the lungs it is cooler than 
when it enters them^ whilst evidently the contrary 
would have been the result had the internal fire been in 
the lungs. 

257. Oxlgenation and blood corpuscles. — 
The production of heat takes place in a very curious 
manner. You remember I told you that there exist in 
the blood, quantities of tiny red l)odies or corpuscles to 
which blood owes its rich red colour. ' 5. Well, these 
corpuscles in passing through the lungs, lay hold of 
the oxygen of air and carry it along with them. 
Thence they penetrate into the utmost recesses of the 
body, even into the capillary vessels ; and in the course 
of tneir journey yield up and transfer to the organs 
through which they pass a considerable portion of 
the oxygen they possessed, for which these organs 
have* greater need and affinity than even the corpuscles 
themselves. 

6. So, it is all through the body that the consump- 
tion of oxygen takes place, conseauently ih^production 
of heat likewise takes pUxce all tnrough the body. 

258. Carbonic a4;id. — 7. The consumption of oxy- 

f;en has inevitably, as you know, for consequence, tne 
ormation of carbonic acid. 8. This acid dissolved in 



1. Through what does all the 
blood of the body pass? — 2. Where 
was it believed that the combus- 
tion or the materials of the blood 
took place? — 3. What would be 
the consequences of this? — 4. What 
observation has been made on the 



temperature of the blood on leaving 
the lungs? — 5. In what way do the 
corpusclts of blood act? — 6. Where 
does the consumption of oxygen 
take place? — 7. What gas is produced 
by the consumption of oxygen? — 
8. What becomes of this carbonic gas ? 
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the blood, is carried by it in the course of circulation 
into the lungs, there it unites with the air and is finally 
expelled at each expiration. 

mi). Arterial blood and irenoiui blood. — 

Thus the blood which the heart propels throuj^hout the 
body by means of the arteries, is more rich m oxygen 
than the blood brought back from the organs by the 
veins. 

And, as it is to the oxygen that blood owes its bright 
red colour, you can easily understand why the arterial 
blood is redder than the venous blood, which takes a 
darker purplish tinge. 

On tne contrary, there is of course more carbonic 
acid in the venous blood than in that enclosed in the 
arteries. 

260. Expired air. — 1 . Thus, as you can easily 
understand, the air that has passed through the lungs 
is by no means pure. Before entering the body it 
contained one fiftn of oxygen, when expelled it only 
contains about a sixths the difference being made up 
by carbonic acid. You can easily understand that it 
must be unhealthy to breathe again the air thus 
composed ; 2. and it is for this reason that it is necessary 
to open the windows, or ventilate* as people say, by 
some means or other, the rooms in which we live. 

3. Were an animal of any kind to be shut up in a 
tightly closed box, it would certainly perish after 
having exhausted the oxygen of the air. Death will 
ensue more or less rapidly, according to the activity of 
its respiration, which entails a greater or less rapid 
consumption of oxygen; a frog will live under such 
conditions longer than a bird ; yet of necessity, it also 
will die. 4. People say in this case that the creature 
has been asphyxiated. Asphyxia comes on very rapidly 
under water, because the only air one has at disposal 
is the little contained in the lungs, and that is quickly 
exhausted. 

We will now leave this difficult and arduous part of 
our physiological studies, and proceed to that of sefisor- 



1. What is the nature of the air 

that leaves our lungs? — 2. Why is 

H necessary to ventilate the rooms 

in wbicb we \iYe2 —3. Why must 



an animal that is kept in a closed 
box inevitably perish? — 4. What 
name is given to this kind of death? 
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tions and nill^ which you will certainly find extremely 
interesting. But before doing so, if any of you have 
a question to ask or a remark to make, I shall be more 
than willing to au3wer and explain. What have you to 
say, Paul? 

261 . Cold blcMided animals. — Please, sir, there 
is something I cannot understand. You have been tell- 
ing us how heat was produced in living bodies ; I can 
easily understand this m mammalia, and i)irds that have 
warm blood; but reptiles, fishes, and all the small 
invertebrates* that have cold bloody do they also pro- 
duce heat? 

— 1. Yes, my child, they do, for as they breathe they 
must consume oxygen, and produce carbonic acid. 
2. But the production of heat in their case is* so ex- 
tremely insignificant that the temperature of cold-blooded 
animals rarely exceeds that of the surrounding medium. 
They are cold when the surrounding element is cold, 
warm when it is warm. Cold benumbs them so that 
they are sometimes unable to stir; but they become 
almost as lively as mammalia or birds under the influence 
of heat : remember how a lizard becomes brisk and 
nimble after basking in a warm sunbeam. For the same 
reason they consume but little food in winter, their 
organs being but little exhausted by action, for they 
scarcely breathe ; whilst in summer they burn their 
substance like warm-blooded animals, and eat nearly as 
much as they do. 

In fact, it is not at all easy to give a satisfactory 
answer to your question. All I can say is that all animals 
breathe, even those that do not seem to produce heat. 

262. Aquatic animals. — Is that all? No? 
Well, James, what do you wish to say ? Please, Sir, 
animals that live in water, such as fishes and whales, 
how are they able to breathe ? 

In the first place, my dear child, you must not class 
whales with fishes. A whale, as I have already told 
you, is a mammal, a warm-blooded animal. True it 
lives in water ; but it breathes air, and comes from time 
to time to the surface for that purpose. 

1. Do cold blooded animals pro- | blooded animals rarely exceed the 
duce heat? — 2. How is it that cold I temperature of the surrounding air? 
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1. As for fishes and other really ai^uatic animals, 
what they breathe is air dissolved in water. For 
water contains air, and of this 
I will forthwith give jou 
proof. I set on the fire a little 
Dan with water in it (fig. 41). 
1. As soon as the water hegins 




begins to heal yuu sn* Lii 



lo heat, you will see tiny 
bubhles rise from the bottom 
of the pan lo the surface ; 
observe that the water is as 
I" yet far from the boiling point: 
' these are then bubbles of air, 

The«e conaiBt of lAe oir diiiolo- not of Steam. 

tli^«theiraler, and not tUam. ^ jj^^ ^^^ ^^ ^ ^^^ fisheS 

breathe ; and the proof of this is, that they can live but a 
short lime in water that has been boiled, and from which 
the air has thus been expelled. 
4- They breathe by means 
of gills, or more properly 
speaking, branchia (fig. 42>, 
that is to say, tenuous floating 
filaments, into which the blood 
penetrates and where it comes 
in contact with the air dis- 
solved in the water. Look al 
the sir this gold fish, 5. you can see 
■'Ti"*!'' " "P^'^ ^^ mouth at regular 
intervals, and at the same time 
lift up its gills; it thus makes 
1 the water pass over its branchia, 
1 breathing cause the atmospheric air to 
■"h your lungs. You see that is very simple 




that there is 
- a. Why 
vhen plued 
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SUMMARY. — Nutrition. 

1. In nntrition, there are two functions to be considered: 1. di- 
gestion, which has for aim to dissolve the aliments, so that they 
may traverse the intestines and enter into the blood. 2. the ab- 
sorption effected by the biood. 

2. Dif^estton (p. 289). — The digestion takes place in the di- 
gestive tube, with the help of the teeth and under the action of the 
digestive juices. 

3. Teeth (p. 289). — The mastication or action of chewing the 
aliments is accomplished by the teeth^ and aided by the tongue. 

A. A full-grown man has 32 teeth, 16 in each jaw : 4 incisors^ 
2 canines, and 10 molars. — Until about the age of seven, children 
have only 20 teeth : the difference bears upon the molars. 

5. Teeth are composed of ivortjy overlaid with enamel. They are 
fixed in the jaws in holes, called alveoli, by one or several roots. 
In each tooth there is a cavity which serves as a receptacle for 
nerves and blood-vessels. 

6. Saliva (p. 290). — The grinding of the aliments is facilitated 
by the outflow of saliva, a liquid formed by the salivary glands; 
tears are formed by the lachrnjmal glands, and sweat by the su- 
doriparous glands, 

7. Allmentarj eanal (p. 291). — The aliments pass down 
through the chest in a tube called oesophagus, and reach the sto- 
mach. 

8. From there, the alimentary matter passes into the small in- 
testinCj and finally into the large intestine. 

9. This system of tubes is called the alimentary canal. 

10. Disestivo Holds (p. 292). — The aliments are not only 
passed through the alimentary canal, but there they are also 
transformed, under the influence of juices or fluids supplied by 
different glands. 

11. The first of these juices is the saliva which transforms flour 
into sugar. 

12. The gastric juice secreted .by the stomach dissolves flesh, 
albumen, and in general all animal substances. 

13. The aliments which have escaped the influence of the saliva, 
and the gastric juice, are dissolved by the glands of the small 
intestine, of which the most considerable is the pancreas. 

14. The liver^ another very important gland situated to the right 
of our body, is the organ in which bile is produced. The blood is 
purified in passing through the liver by giving off those substances 
which constitute the bile. 

15. Abs<Nrption (p. 293). — The aliments rendered liquid, pass 
through the tissues of the intestine and mingle with the blood. The 
blood then carries them all through the body : this is what is called 
absorption. 
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16. Blood (p. 294). — Blood is a yellowish liquid, in which float 
an extraordinary number of very little red corpuscles. 

17. drcolatlon (p. 295). — The blood is sent all through the 
body by means of a hollow muscular organ called hearty which 
contracts regularly: each contraction or « throb » sends out into the 
arteries a gush of blood. 

18. The blood is conveyed to the heart by soft tubes called veins^ 
and it leaves by others much more rigid, called arteries, 

19. All the arteries divide and subdivide, finally forming minute 
capillaries ; these reunite to form larger and larger vessels called 
veins. It is in all these that the blood flows or is said to circulate. 

20. Thus the blood passes from the heart to the arteries, from 
the arteries to the capillary vessels, from the capillary vessels to 
the veins, and from these back to the heart, and all this is accom- 
plished by the impulse imparted by the heart afler each contraction. 
This is what is called the circnlation. 

21. The pulse, which one can easily feel at the wrist or at the 
temple, is produced by the shock of the blood in the arteries, which, 
at these places, are quite near the skin. 

22. Oxisenation (p. 297). — The blood carries oft the dissolved 
alimentary matters, and deposits a certain part of them all 
through the body; the rest is consumed in the blood itself. 

23. This combustion maintains in our body a temperature of 
39 to 40^ 

24. The factor necessary for this combustion is found in the 
oxygen contained in the air we breathe; it produces the carbonic 
acid gas which is cast out. 

25. Breathinff (p. 298). — The air we breathe passes through 
a tube called trachea (windpipe) and penetrates into the lungs. 

26. The lungs are hollow organs; they are formed by a number 
of tubes called bronchia. 

27. About 15 times every minute, the chest which is closed below 
by the diaphragm, expands, thus inhaling the surrounding air : 
this is the act of inspiration. Subsequently the chest lessens in 
capacity, so that the air is expelled; this is the act of expiration. 

28. By means of what is called the circulation of the blood, all 
the blood of the body passes through the lungs in half a minute; 
the corpuscles of the blood lay hold of the oxygen of the air at each 
inspiration and carry it along with them to the utmost recesses of 
the capillary vessels. In the course of this journey they give up a 
great part of this oxygen to the organs they permeate; 

29. In this manner it is that the oxygen is consumed all over the 
body and not only in the lungs, therefore heat is produced likewise 
all through the body. 

30. An animal deprived of air perishes, asphyxiated, 

31. The air which our lungs reject is not pure, for it contains 
carbonic acid; therefore it is necessary to ventilate, or renew the 

air in our dwellings. 
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32. Cold-blooded animals also consume oxygen, since they 
breathe; but the production of heat which ensues is so very scanty 
that the temperature of their bodies rarely exceeds that of the sur- 
rounding medium. 

33. Fishes breathe, by means of their gills, the oxygen that exists 
dissolved in the water. 

[Simple Subjects for composition are to be found at page 323.] 
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265. You remember the simple experiment in which 
we so frightened the poor chickens by suddenly open- 
ing the window. What enabled them to hear the noise 
of the window? Their ears, was it not? And by what 
were they enabled to perceive the presence of Paul, that 
so terrified them ? With their eyes of course. And with 
what were they able to flee from the danger ? With the 
muscles of their limbs. And with what were they able 
to understand that they were menaced, and to command 
the movement that was to carry them to a place of 
safety? Ah! you are unable to answer this time. Well, 
I will tell you, it was with their brain. 

But the brain is in the cavity of the skull, the eye is 
in its socket, the ear is in a hollow of the skull, the 
muscles of the limbs are far removed in the under part 
of the creature. What can put the eye and the ear in 
connection with the brainy and the brain with the 
muscles? 

264. IVerves. — 1. Communication is established 
by what physiologists call nerves. 2. These nerves 
are excessively fine white threads, that pervade all the 
parts of the body. 3. Some carry to the brain the sensa- 
tions that come from without, and their ramifications 
are so numerous that it is impossible to prick any part 
of your skin with the finest needle without injuring one 
of them and without feeling a sensation of pain; 3. others 
convey from the brain orders o/* motion, and carry them 
to the muscles of the whole body. 



1. By what intermediary do the I nerves? — S.There are two categories 
eye, ear and niuscles communicate of nerves, to which do they belong? 
with the brain ? — 2. What are these I 
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. The former arc called sensory nerves, and the 
latter motor oerres. 
SUtt. Spinal eord. 

— The neryes do not 
land directly in the 
brain. 2. All those that 
exist in the body and 
in the limbs commu- 
nicate in the first place 
with the spinal cord 
(fig. 43). 3. This spi- 
nal cord or marrow is, 
as its name indicates, a 
sort of cord, externally 
of a whitish colour and 
greyish internally ; it is 
situated in the canal of 
the Tertebral or spinal 
column, which canal is 
on that account often 
called medullary canal 
(from the Latin me- 
dulla, marrow}. 

4. Between each ver- 
tebral interval there 
shoot forth , to the 
right and to the left, 
nerves B, each of which 
goes to some allotted 
part of the body. 

At C, in the lumbar 

■ region, the marrow la- 

/^rneX'^i P«r3 off to an end. 5. 

1' In the superior regions 

at F, it passes into the 

im which the skull, swells out and 

becomes what is called 

the medulla oblongata. 




:ory?-To 
a. Where il 
il ill Ihe t 
• — 3. Whi 



IB p\^a nVian ^i. enUre Die skull? 
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1. The nerves of the face and of the head arise from 
this medulla oblongata, and also those that preside 
over the movements of the heart and of the lungs. This 
allows you to understand the extreme gravity of a 
wound in this medulla oblongata, and why a fatal issue 
is always inevitable, and that in a very short space of 
time. 2. For it checks both the circulation of the 
blood and the respiratory movements. Into this 
medulla oblongata cooks sometimes drive a long pin 
when they wish to kill their poultry instantaneously, and 
this is what is wounded and even severed by dislocation 
when they strike the fatal blow close behind the ears 
of a rabbit. 

266. The brain. — 3. Almost the whole cavity of 
the skull is filled by the brain. It is a large pulpy 
mass, grey without, white within, and which in mankind 
and in many of the mammalia is all covered over with 
sorts of folds called convolutions, 

4. It is in the brain that intelligence resides, that 
sensations are perceived and ideas formed^ and there 
also that will originates. The more intelligence an 
amnial has, the more brain it possesses. In mankind, 
when the weight of the brain is less than 2 pounds, 
the man who is so scantily provided is an idiot. 5. If 
the brain be wounded, intelligence is weakened, and the 
sufiferer becomes mad, or insane : this happens also after 
certain diseases. In some cases such wounds however 
may heal, and the intelligence partially, if not totally, 
recover. 

If the brain be destroyed, no trace of intelligence 
will remain. 6. Such a thing has come under notice 
in the case of some birds whose brain alone was 
wounded, the medulla oblongata being uninjured. 
Being carefully nursed, their life was spared, but both 
intelligence and will had completely disappeared. 
The brain gone, the bird will remain on its perch with- 
out ever having the idea of moving, or seeking food. 
Nay it would die of hunger beside heaps of food without 



1. What are the nerves Ihat take 
their origin in the medulla oblon- 
gata? — 2. Why is a wound in the 
medulla oblongata mortal? — 3. By 
what is tha cavity of the skull filled? 



— 4. Of what faculty is the brain the 
seat? — 5. What happens when the 
brain is wounded? — 6. What 
happens when the brains of certain 
animals are removed ? 
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ever thinking of eating ; but if its food be put into its 
beak, it will unconsciously swallow it and digest it as if 
nothing had happened. If flung into the air, it quite 
unconsciously spreads out its wings and flies right be- 
fore it, until It meets with some obstacle or drops down 
exhausted. Birds in this condition have been known to 
be kept alive for months, their guardians having nursed 
them Dy putting food into their throats ; during all the 
time they continued to live in this condition, they never 
gave the slightest sign of intelligence or will. Let us 
now pass on to sensations. 

267. Tactile* sensation. — Firstly we may 
mention the general sensation of touch, which lets 
us know that some object is in contact with our, body. 

1. All the surface of the skin is aff'ected by this, also this 
lining of the mouth, that of the nose, the eye, the ear, etc. 

2. Everywhere, over all this surface, ramifications 
of the sensory nerves are spread, which when excited 
transmit the sensations they receive to the spinal cordy 
and thence to the brain ^ just as an electric wire carrier 
a telegram. 

3. When these nerves warn us that something has 
touched us, they tell us at the same time if it is some- 
thing colder or warmer than our body with which we 
have come in contact, and also approximately the pro- 
portion of cold or heat : we have thus the sensation of 
temperature. 

Both these sensations, that of temperature and that of 
contact, are generally included under, and expressed by 
the general name of feeling or touch. 

Feeling can really be said to exist oAly when our in- 
telligence enters into action, in order to make use of 
the sensitive powers of our skin. 4. Generally it is 
with the hand we touch or feel things. This five- 
armed compass which man alone possesses^ is a most 
marvellous instrument, not only with which to grasp 
powerfully or handle delicately, but also to give a pretty 
accurate idea of the body it touches. See here is an apple. 



1. On whal parts of our body does 

the sensation of touch take place ? — 

2. To what is the sensibility of our 

Bkin due? — 3. What other sensa- 



tion is given us by the nerves that 
reach our skin? — 4. With what do 
we generally oiercise the sense of 
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ymyfore-arm ooit (fig. 44). You will easily believe 

that were I blindfolded, \i would cost me a good deal of 

time and observaiion to asrertaft, by means of feeling 

^^vith-tbe skin ofniy fore-arm alone, tbati have to deal 




with a ralher hard, roundish, and polished body, 
Wbilsl, I should iind out all those facLs in an instant 
were I to take the apple in my hand (fig. 45), because I 
would briu^ a great many points of its surface in contact 
with my skin. 

1168. GnuatalAry ' sensation. — 1. The mouth i» 
itapable of exercising a sort of feeling called taste. 
3. The substances we put into our mouth, if capable of 
melting or dissolving, produce particular impressions, 
known by the name of savours. Every body knows 
about them, and we often hear about things that have 
Bwect, or salt, or biller savours. Some people spend 
their lifetime in efforts lo satisfy this one sense of taste. 
The culinary art has been invented in order to satisfy 
it within reasonable limits; and that very properly too, 
for experience has proved that generally speaking food 
which is agreeable to the palate is easily digested. 

SHt9. Sensations at distantse. — But setting 
aside the very limited notions which tlie sense of lasle 
furnishes to iis, you sec that touck lells tlie shape of 
bodies, their hardness, their polish, their temperature 
and several other properties. 

This is undoubtedly a great deal : but had we only 
Ihat, wo should be rather poorly informed. 3. Fortu- 
OHteiy even at a distance we can detei't the presence of 
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objects, by smell, by hearing, and especially by sight, 
which last alone might almost supply the place of all 
the others. 

270. Olfactory sensation. — 1. I^Yvq . olfactory 
)rgan is the nose, or more properly speaking the 
nasal chambers, 2. These are two cavities AB (fig. 46) 
separated by a vertical partition G, which cavities open 
in front by the nostril and behind into the throat D, 





Fig. 4G. 

Section of the nose, seen from the front. Section of the nose, seen from the side. 

A, B, nasal chambers. D, back of throat. • 

G, vertical partition. E, opening of the larynx. 

opposite the opening of the larynx E. The air breathed 
during respiration under ordinary circumstances passes 
by this channel. There are even some animals, as I 
have already told you, that breathe exclusively through 
the nose ; and were the nostrils of a horse to te closed, 
that animal would very rapidly die from asphyxia, or 
privation of air. 

Smell, at each inspiration makes us aware of the prox- 
imity of certain bodies which, for reasons as yet un- 
known, have the faculty of making impression upon 
our olfactory organ, and are as people say, odoriferous* 
Unfortunately, as we have already seen in former lessons^ 
some very noxious gases have no smell whatever, so 
that we may be poisoned by inhaling them unawares. 

271. Auditory sensation. — 3. Hearing in- 
forms us, as you know, of the existence of vibrations 
termed sonorous. It teaches us moreover to measure 
and appreciate them, for with practice, and when one is 
particularly gifted, it is possible to distinguish exceed- 

J. What is the organ of smell?— I of the nose? — 3. What does 
2. What do yoo ca 1 the cfiombers I hearing teach us? 



iilgly Blight variations in sounds. We have already 
aeen in pnysica, ihaf. our ear could not dfileet a sound 
unlesa the number of vibrations exceeded 32 per se- 
cond. This is the very loivesi sound that fan be heard 
by us; the highest is produced by 76000 vibrittions per 
second. 

Vibrations coming from without can be transmitted 
lo the auditory" nerve in Iwo dilfercnt ways; when wc 







have to deal with the vibrations of a solid body we per- 
ceive them by simply laying the body close to our skull ■ 
Come here, Paiil, ana slop up your ears closely vrith 
bolh hands (fig. 47). 1 wilt put my watch against your 
forehead, and you will hear tiuitu distinclly its tic-tac, 
and lake my watch between your 



Open your , — . _, . . 

teeth Ifig. 48), you will still hear it very woU. Now 
take tuia flat ruler between your li'clh [lig. 49); I lay 
my watch upon it, antl the result is the same. 

In this last experiment the sonorous vibrations, pro- 
duced by the worKS of the watch, have sot in motion sur- 
coBBively the watch case, the ruler, the tcoth, the fkuU 
bones, the liquid of the car, the terminations of the au- 
ditory nervo, and thence have reached the brain. 

But direct transmission such as this is very rare. In 
the great majority of cases, sound is produced by the 
vibrations of a body soparatod from us by aii: In this 
case it is the vibrations communicated by the air to our 
ear that must be delected and heard. This fiauses con- 
siderable complications of the auditory organ. 

27S. i. The component parlw of tne ear are, llrstly 
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ly full oC li 



the pinna A {fij?- 50}. Thia external part id very much 
developed in animals of acute hearing, which turn and 
direct it ao aa to catch 
iho greatest possible 
quantity of sound. The 
Horae (fig. 51) for in- 
stance pricks up his ears, 
turning tkem towards 
the direction whence 
comes the sound! — 
Our pinna is of but 
little importance and al- 
' most motionless; it is 
. of some use however, 
' and we turn it to catch 
the sound , only the 
whole head turns along 
with it, — when the 
sound is not sufficiently strong, sometimes we even place 
our hand around the ear behind the pinna, thus making 
a sort of ear trumpet. 

1, By the pinna, vibrations are gathered together and 
introduced into a passage B, called the auditory Ivhe or 
meatus. In mankind it is but a few inches in length. 
2. At ita base C, 
the vibrations 
come in contact 
with a sort of thin 
skin , stretched 
across the audito- 
ry passage, which 
it closes up : this 
skin is themem- 
brane of the tytn- 
■panmn. This membrane is also set in vibration in its turn- 
Here we come to a very curious and interesting part 
of the auditory function. There is an interval ofabout 
an inch between the membrane of the tympanum and the 
cavity D full of liquid, which has next to be set in 




. What name is given lo IKe tube 


*Lih St Ihe 


cA is continuous Willi th« piuni? 




>. WhU do tba libmiQDt wnA 


mnnbnuAt 
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motion. This bony cavity has an opening closed up 
by a second outstretched membrane. 

1. Now between this last-mentioned membrane and 
that of the tympanum there exists a chain of tiny bones 
or ossicles E, the ends of which chain are in contact 
with the two membranes. This arrangement allows the 
vibration of the membrane of the tympanum to be trans- 
mitted to that of the cavity, thence to the liquid, and 
lastly to the auditory nerve G. 

2. In short, if we recapitulate we shall find that the 
sound takes the following course, first air, membrane of 
the tympanum, ossicles, membrane of the cavity, fluid 
of the cavity, nerve! Thus the vibrations have passed 
successively through gases, solids, liquids. You see 
what a complicated thing hearing is, and yet I have 
omitted a great many very interesting details. 

275. Visual sensation. — Now let us consider 
the eye, the organ of visual sensation. It is a most 
delicate organ, but its mechanism is more easily under- 
stood than that of the ear, and I shall be able to show 
you all the principal parts of this important organ with 
the help of this ox eye the butcher gave me (fig. 52). 

You can observe that it bears no little resemblance to 
an egg, the shell of which, although pretty hard, is not 
calcified. 3. At the tip of this shell, you find this 
white string : it is the optic nerve, the nerve destined 
to convey to the brain the impressions made upon the 
eye by light ; it penetrates as you see into the eye, and 
now we will follow it and ascertain what becomes of it. 

4. The outer coat of the eye G is opaque * excepting 
in the front part A, where it becomes transparent so as to 
allow the light to enter. 

5. This transparent part is called cornea. 

6. The light passes through this cornea A; but before 
reaching the back part of the eye, and after having run 
through a little chamber B full of liquid, it falls upon 
a sort of curtain G called the iris, which is stretched 
out and has in the centre an opening D called the pupil. 



l.What is there between the tympa- 
num and the internal cavity full of li- 
quid, that has to be put in motion? — 
2. Indicate what course the vibrations 
must take. — 3. Where does the optic 



nerve terminate ? — 4. Is the entire 
globe of the eye opaque ? — 5. What 
name is given to the transparent part? 
— 6. What does the light meet with 
after having traversed the cot^^.^^. 



318 



- AMMAL PHYSTOI,OGY. 



Come here near the window, Henry ; and all of you stand 
around him and be attentive. Henry's eyes are blue 
(fig. 53), that is to say, that the little curtain, the iris, is 
of blue colour. In the centre of ihe iris D you see a 
small round hole, quite blank. 1, That ia the pupil; 
through it the light 
passes into the eve. 
Now wail a liltle ; 
I will close Henry's 
eyelid forashorl time, 
then suddenly open 
It again. Did you ob- 
serve what took place' 
The little black hole 
was very large (fig. 
53| immediately after 
1 lifted the eyelid, 
only as soon as the 
light reached it (fig. 
54), It became small 
[fig 54) Now you see 
It IS quite small, almost a speck , let ua now go to the 
further end of the school room where the light is less 
strong, see the pupil enlarges again What does this 
mean' Oh, ^ou will all easily follow the explanation 
2. When theie is bvt bttle light, the pupil widens out 





so as to gather in as much as possible ; when on the 
contrary the light is strong, it draws itself in, allowing 
only the necessary quantity to pass through, thus 
keeping the optic nerve from being fatigued or dazzled. 
■ There, we have seen how the light gels into the eye; 
now we must follow it and see how it goes on. For this 



Cose ihe bull's eye fii^. 52) will be inosl useful. 
il is cut open lengthwise. 1. See the globe of the 
eye is lilledFwith a sort of sticky but very transparent 
bquid. You can easily recognise ihe cornea A, and the 
curtain G of the iris. 2. And now just behind tlie 
pupil D, look at this pi-elty hard, transparent body E, 
shaped exactly like a magnifying glags : it is the 
cryBtalline lens. 

All over the bark part of the intarior of the eye is 
spread a sort oi' greyish membrane 1, very easily lorn. 
3, This is the retina ; it is formed by the termination 
of the optic nerve in the eye. 4. It is this retina 
which receives impressions from the light, and il is on 
I it thai the images of surrounding objects are formed. 




i 



I. I Til" shcrl «rpap"r'ij'is IhTfetiuii. 

How can this take place? Ah I if you have kept in 
mind the experiment we made in the dark chamber 
you will have no difficulty in understanding il. We 
-will however repeat il once more. Let ns go into our 
dark room (lig. 55). Here is a small hole B through 
which passes a ray of light. I place my lens C over 
this, and on the opposite wall D, I place a sheet of paper. 
■After some focussing, we can manage to arrange ihiogs 
BO ihnt the image of the ncighbounng church is to be 
seen on the paper. You are aware of ihatl 

5. Well, the shulterA plays the part of the iVts; the 
bole B in ibe shutter, that of ihe pupil; the lens G, of 
tiie crynialline lens ; the sheet of paper D, ihat of the 
retina. Such is, reduced to its most elemeniai'y ex- 
pression, the phenomenon of vision. 
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274. ShoFt-sin^hted a.nd long^-sig^hted per- 
sons. — In the course of our experiment you might 
have observed that it was only when I placed my sheet 
of paper at a certain distance from the shutter, that a 
distinct image loas obtained; the paper was then, as I 
have already explained to you, in focus. When it was too 
near or too far off the reflected image was dim and ill 
defined. 

1. Now, it sometimes happens that a person's eye is a 
little too shallow, sometimes a little too deep. When it is 
too shallow, the image falls behind the retina, and per- 
sons whose eyes have this defect are said to hemyopic, or 
short-sighted; when on the contrary the eye is too deep, 
the image falls before the retina, and persons having 
this defect are said to be presbytia or tong-^ghted, 

2. Both these defects in the sight can be obviated by 
the use of spectacles, those destined for short-sighted 
people having concave* glasses that draw backwards 
as it were the image, whilst long-sighted people require 
convex* glasses, which bring the image farther forward. 
In bath of these cases then, the image is produced dis- 
tinctly upon the retina. 

The sense of sight is the most precious of all. It 
acquaints us with tne shape, the dimensions of bodies, 
ana lets us know at what distance they are. It also 
gives us notions of colours. 

275. False sensations. — All this is undoubt- 
edly very marvellous and admirable. Yet notwith- 
standing, the eye is by no means a perfect instrument. 
Nay it would often lead us into error, did we not 
rectify* by our reason the false impressions it some- 
times gives us. In some cases even, we cannot altogether 
correct them. I will give you an example. 

You have not forgotten the colours of the spectrum : 
violet, indigo, blue, green, yellow, orange, red. Let us 
single out the green, for example. Well the same 
green may be obtained, that is tne same sensation of 
green, in examining the green of the spectrum alone, or 
combining in due proportion blue and yellow. Like- 



1. What name is given to persons 
who can only see objects when placed 
near the eye ? And to those "who . 
only see well at a distance? — 2.\V\l\\ \ 



what kind of spectacles are near- 
sighted persons relieved ? And long- 
sighted ? 
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wise, we can artificially obtain a violet colour in mixing 
together red and blue, and orange with red and yellow. 
The eye is in this case completely deceived, and de- 
ceives us at the same time, as it does not enable us to 
detect the slightest difference between a simple and a 
compound colour. 

276. Reaisonin^. — Were we in possession of 
sight alone, we should fall into many more errors. But 
hearing, and especially touch, help us to rectify our 
mistakes. Upon the whole, all these divers sensations 
sending information to our brain, enable us to form a 
pretty accurate idea of all that is going on around us. 
Thereupon our brain reasons, and induces us to make 
use of all that is good for us, to avoid what would harm 
us, and so to act as to improve even nature by countless 
inventions and industries. A dog's senses are as keen 
as ours ; that of smell is in his case infinitely more acute ; 
and yet he cannot make use of all his powers for im- 
proving his situation or making progress, because he is 
not endowed with sufficient intelligence. Some people 
say, the cause of his inferiority is lack of hanos and 
speech. But had he ten hands he could not utilise them 
as we do. And if he does not speak, it is because he is 
incapable of inventing words. Poor idiots have hands, 
and often they cannot speak. But it is neither the ha/nd 
nor the tongue that makes man what he is, it is his 
intelligence and his brain. 



SUMMARY. — Sensation. 

1. IVerves (p. 309). — Nerves are kinds of delicate white 
threads that pervade the whole body. 

2. Some carry to the brain sensations that come from without : 
those are sensory nerves. 

3. Others convey orders for motion from the brain to the muscles 
throughout the whole body : those are motor nerves. 

4. Spinal marrow (p. 310). — The spinal marrow or spinal 
cord is a sort of white cord hidden in the canal that runs through 
the vertebral column, which canal is formed by superposed rings. 

5. At the spot where the spinal cord penetrates the skull, it widens 
and becomes what is called the medulla oblongata. 

6. The nerves of the body originate in the spinal marrow; those 
of the head, together with those that rule over the movements of the 
heart and those of respiration^ arise from the medulla obloo^tA.*. 
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Injuries to the medulla oblougata arc inevitably mortal. 

7. The brain (p. 311). — The cavity of the skull is almost 
entirely occupied b) the brain. 

8. It is in the brain that inteUiyencc resided, there it is that 
sensations and ideas are formed, there also that will originates. 

9. Injuries to the brain, if not fatal, entail a weakening of intel- 
lectual power. 

10. A bird may live although deprived of its brain, if all its wants 
are carefully 8U[)plied; it will inevitably die if any harm reach its 
medulla oblongata. 

11. Tactile seniiations (p. 315). — The general sensation of 
/owr/i warns us when some object has come in contact with our body. 

12. This sensation can be transmitted by any part of the body, 
but more particularly by the hand. 

13. Tactile impressions are transmitted to the spinal marrow^ 
thence to the brain by the sensory nerves^ whose termination ra- 
mify beneath the surface of our skin : 

14. These nerves also impart to us the knowledge of the tempe- 
rature of bodies. 

15. In the mouth there exists the peculiar sort of touch called 
taste, which gives us impressions of savours. 

16. Sensations tliat give impremiions at a distance 
(p. 313). — Tactile sensations inform us only of objects we touch; 
smell, liearing^ and especially sight, tell us of what is at a certain 
distance from our body. 

17. The organ of smell is the nose, or more precisely speaking 
the chambers of the nose, that open into the throat opposite the 
entry of the larynx. 

18. Hearing acquaints us with what are called sonorous vibrations. 

19. Tlic ear (p. 314). — The vibrations received by the pinna 
of the ear travel along the auditory tube at the extremity of which 
they come in contact with the membrane of the tympanum, which 
they set in motion. The vibrations of the membrane of the tympanum 
are transmitted by a chain of little ossicles to a second membrane, 
which closes up a cavity full of liquid. This liquid in its turn 
transmits the vibrations to the auditory nerve, which carries them 
to the brain. 

20. Tiie eye (p. 318). — The eye is a sort of globe, transparent 
only in its front part, called the cornea. Behind the cornea is 
a sort of curtain called iris, which is sometimes grey, sometimes 
blue or brown, giving to the eye its peculiar tint. This curtain 
is pierc(ui with a central opening, called the pupilj through which 
light enters into the eye, after having passed through a sort of mag- 
nifying lens called the crystalline lenSy placed just behind the 
pupil. The light then passes through the transparent fluid which 
fills the globe of the eye and falls upon the optic nerve, which 
under the name of retina overspreads the inward surface of the back 

part of the eye. 
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21. Beasonlnsf (p. 321). — Had we only our eyes and the other 
organs of senses to direct us we should be led into error in many 
cases. Our brain surveys all however, being called into action by our 
sensiferous organs : it reasons and teaches us to take advantage of 
things that are useful/ and to avoid those that would do us harm. 

22. It is neither the hand nor the tongue that makes man what 
he is : it is his intelligence, and his brain. 



SUBJECTS FOR COMPOSITION. 

1** composition (p. 274). — Composition and structure of bone. 

— Of what use is the marrow of the bones? 

2»* composition (p. 275). — What a vertebra is. — The dif- 
ferent regions of the vertebral column. — The appendages of the 
vertebra) of the dorsal region. — The manner in which the ribs are 
united in front. — The live vertebrfie united constitute the sacrum. 

— Which is the bone that is supported by the sacrum? 

3'' composition (p. 277). — By what is the skull supported? 

— The interior of the skull and its communication with the vertebral 
canal. — The cavities of the skull. — The two jaws. 

4*^ composition (p. 278). — The bones of the upper or fore 
limbs and of the hand. Which bone articulates with the humerus? 

— With which bone does the scapula or shoulder blade articulate? 
with which the clavicle or collar bone? 

5'^ composition (p. 279). — The bones of the lower limbs. — 
Upon which bone does the femur articulate? — To which bono is 
the pelvis attached? 

6*^ composition (p. 280). — Describe an articulation. What 
insures the solidity of an articulation? — When is a joint said 
to bv) sprained? — when dislocated? 

7** composition (p. 281). — Of what use are muscles? — In 
what manner are the muscles frequently fastened to the bones? — 
Muscular contractility. — Muscles of the fore-arm. 

8*^ composition (p. 283). — Show how it is that we should not 
be able to stand erect were it not for the help of the muscles. 

9^ composition (p. 286). — Voluntary movements, involuntary 
movements. 

10*^ composition (p. 289). — The teeth, their names and their 
number. — The different parts of a tooth. 

11*^ composition (p. 291). — The course the aliments take 
in passing through the alimentary canal. 

12*^ composition (p. 293). — Part played by the saliva, — by 
the gastric juice, by the intestinal juices, by the pancreatic juice. 
— The liver. — The aim of digestion. 

13*^ composition (p. 293). — Part played by the blood. — 
By what organ it is impelled through the bloodvessels. — Arteries. 
Veins. Capillary vessels. — Circulation. 
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14'^ e<iiiiposUioii (p. 297). — Into what do the aliments pass 
after the digestion has liquified them? — What becomes of them? 
— Wliy is our temperature almost invariably at about 39° centigrade? 

15*^ coiiipositl€»o (p. 300). — How does the air penetrate into 
our body? — The lungs. — Respiratory movements. 

16*^ composition (p. 303). — By what process is the oxygen of 
air consumed in our body. — Production of carbonic acid. 

17*^ composition (p. 305). — How do fishes breathe? 

18*^ composition (p. 311). — The brain. — Spinal marrow. — 
Medulla oblongata. — What happens to birds in which brain has 
been destroyed? 

19»^ composition (p. 312). — Touch. — Taste. — Sensations 
produced at a distance. 

20"^ composition (p. 314). — The nose. 

21** composition (p. 316). — The ear. 

22»* composition (p. 318). — The eye. 
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S77. Vital acts are aimllar throughout tM 
the animal kingdoui. — ^^> know how animals 
live, how and why they eal and hrealhii, how they move 
about, how thoyfeel, and how they manifest will. I say 
"animals" although I have scarcely spoken of any es- 
CBpting the vertebralea, scarcely even of mankind, be- 
cause m reality it is essentially the same phenomena 
we meet with in all. When a cockchafer ffies, il sets 
its wings in motion by contracting its muscles, just as 
wo do when we set in motion our arms, etc. True, ihe 
cockchafer has no hones affording to its muscles a 
point of support, but its hardened skin answers the 
same purpose. Wlien a snail withdraws its horns on 
being touched, it is because it feels the contact of your 
tinker by the mediation of a nerve, just a^ we might do. 
When ariuIterQy that you try to catch, looks at you and 
Qies away to escape from you, il reasons in its little 
brain just as the chickens did when Paul frightened 
Ehem. An animal may have four feet or six, or two or 
even dour at all, it may feed on grass or on flesh, it 
may live hidden in a hole, or under the deep water, 
or soar in the open air above the clouds, the ffreat 
question with it ever is, to eat enough to replenish 
what its organism has used, to feel, to move, to will; it 
is always a matter of stomach, muscles, nerves and brain. 

We must now try and see hoti- plants live. At first 
sight this study seems less interesting than that of ani- 
mal life, because plants have no power of locomotion, 
neither have they feeling nor will ; consequently ■ no 
muscles, nerves, brain, nor sense, organs. But tbev 
fequire food, they grow, and in this respect they afford'^, 
»> I will hereafter show you, a still more curious study 
than even animals. 

We will begin by what is most astonishing in our 
subject, namely the development. 
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Fiff. i. 

A. B, cotyledon. 
C, young plant. 



S78. Germiiimtioii* — Once more we will consi- 
der the haricot bean (fie. 1) which has already been so 
useful in our botanical lessons : I v^ill once more show 

you the parts that compose this seed; 
so we will in the first place take off 
the skin, which for us has no great 
importance. This discloses to you 
two fleshy * masses A, B, the cotyle- 
dons; beti^-een those you see the 
young plant G with its radicle or 
rootlet, its tiny plumule above. 

Here is another haricot (fig. 2). 
This time the radicle projects about 
an inch above the cotyledons D^ E ; 
the stem B also has stretched out, 
and beg^ins to unfold tiny leaves G. 
This haricot has begun to shoot. 

879. Conditioiusi neoesewrv 
fop c^erminatioii. — You wisn 
to know how this result was obtained. 
Some days ago I put the haricot into 
a pot amongst some damp pounded 
bricks. The moisture swelled up 
the skin of the bean, soaked the 
voung plant, which drought had 
kept asleep as it were, and thus 
awoke it. 




Fig. 2. — A haricot that 
has germiuatf'd. thanks 
in the iir>t place to 
moisture, in the second 
to heat, and in the third 
to the oivffen of tlie air. 

A, radicle. 

B, stem. 

C, voung leaves. 

D, £, cotvledons. 



So the plant grew. 
1. Moisture then 



is an indis- 
poisable condition o/*germinatioii. 

2. So when one desires to keep seeds 
for any length of time, they must be 
carefully housed in some dry plcxe, 
otherwise they begin to shoot : that is a fact every one 
knows. 

You must not conclude however that moisture alone 
suffices to induce germination. If we were in winter, 
and if my haricot, even moistened, had been submitted 
to the temperature of two or three degrees centigra4e 
above the freezing point, it would not have begun lo 



i. What condition is neces&ar^' Vo \ must be taken when we wish to pre- 
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shoot; at ten degrees centigrade the germination 
would have been but very slow. We are m summer, 
the thermometer* of the schoolroom indicates 20 degrees 
centigrade ; therefore the germination has gone on ra- 

Eidly. 1. Besides moisture then, a certain degree of 
eat is also necessary in order to allow seeds to 
germinate; and the greater the heat, the more rapidly do 
they shoot up, this in a moderate measure of course : 
it would be quite a mistake to have them cooked, if you 
desire them to grow. 

This is not all. The haricot I show you, began to 
shoot because it was in air. Had I put it under water 
it would not have done so, even had it not lacked heat. 
2. It requires then air also. 3. And as you can easily 
imagine, what it requires from air 
is oxygen. It can perfectly do 
without nitrogen, but it greedily ab- 
sorbs the oxygen, it breathes it, 
and gives back just as an animal 
woula , carbonic acid. 

See here is a glass bottle, closely 
corked (fig. 3), into which I put 
some barley seeds moistened so 
that they might shoot. They have 
grown a little as you see, then died 
because all the oxygen that was 
in the bottle was exhausted. See 
here is the proof of what I say. I Fig. 3. — The flame goes 

set fire to this bit of straw and :iiout immediately becaus« 

plunge it into the bottle : the flame has ^befa" absorbed *by 
ffoes out immediately because there ^^e seed that has ger- 

P rr T 1- J i.i_ minated. 

18 no oxygen. It I had the proper 

apparatus here, I could show you that what has taken 

its place is simply carbonic acid. 

4. So, the seed in the course of germination con- 
sumes oxygen and yields up carbonic acid ; its respi- 
ration is similar to that of an animal. 

But carbonic acid is produced by combustion* of 




1. Does moisture alone sufflce for 
germination? — What more is want- 
ed? — 2. What else is wanted to 
nduee our haricot to sprout ? — 



3. Does it take from the air oxygen 
or nitrogen ? — 4. In short, what 
does a plant do in germination? 
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carbon in oxvgen. Where does the seed find the 
carbon it thusVurns? 

S80. Consmnptlon of t^arbon dnrfaif^ S^i^ 
mliMitloii* — Observe the cotyledons of this haricot, 
they are quite flaccid, shrivelled and half empty, instead 
of being round and fleshy as before. 1. Jt is they ih(U 
have furnished the carbon. They contained starchy 
matters, which are rich in carbon, these have almost 
completely disappeared to such an extent that the haricot 
has Become quite unfit for eating. 

S8i. Tef^tetion* in tlte dark and veg^tm- 
tion in the iif^ht* — This source of carbon can last 
for a long time. See here is a haricot (fig. 4), that 






Fig. 4. — A haricot that has germi- 
nated in the dark^ it is yellow, and 
has lost its wei^t, having lived 
only on the carbon of the two coty- 
ledons. 



Fig. 5. — A haricot that has germi- 
nated in the open air^ it is green, 
its weight has increased ; it has lived 
on the carbon that it took ^m tha 
carbonic acid of the air. 



I planted about a fortnight ago, at the same time as 
another I will soon show you. I planted it in pounded, 
moistened brick, only instead of leaving it exposed to 
the light I kept it in the dark, 2. It has grown quite 
yellow, as you see, it is as we say etiolated. See, its 
stalk is about 20 inches long. 3. And had I dried the 
entire plant, leaves, stem, and what remains of the 



1. What has furnished the yonng 

plant with the carbon which has been 

burned in the oxygen of the air? — 

2. What happens to a haricot thai 

^ow8 in the dark? — 8. Whalhas 



\ 



been observed in the weight of a 
haricot that has germinated in the 
dark, compared with the weight of 
one that has not germinated at all ? 
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haricot itself, you would see that the whole weighs much 
less than a mere haricot bean, dried in the same fashion 
before hjaving grown at all. The cotyledons are in fact 
quite dried up and exhausted. 

And now let us pass on to another phenomenon. 
Here is the haricot (fig. 5) I spoke about a few minutes 
ago, planted at the same time as the former, under si- 
milar conditions. 1. Only this one has grown in full sun 
light; its stem is green, its leaves are broad and nealthy. 

2. Were we to dry it, it would weigh much more than 
a simple haricot, similarly dried. 

The shoot of the first haricot, that grew in the dark, 
is yelloWy and the whole plant, haricot, stem and leaves 
has decreased in weight; on the contrary, the shoot of 
the second that grew up in the light, is greeUy and its 
weight has increased, 

28S. lii^ht causes increase of ureig^ht. — 
So light makes the plant grow green, and causes 
increase in weight. But where has the plant found 
material wherewith to augment its weight in solid 
matter? I, of course, leave aside the water it drinks. 
Has it found it in the soil or in the air ? 

The experiment was made in such a way as to exclude 
all possibility of the plant taking any substance from the 
soil. The flower-pot in which it was planted contained 
only pounded brict ; it might have contained pounded 
china or glass, the result would have been the same. 
The plant certainly found no nourishment whatever in 
the fTower-pot; it could moreover be very easily proved 
that the weight of the brick dust has not at all dimi- 
nished. 

3. Then of course the additional substance found in 
the plant must have been derived from the air ? 

Yes, it was ! But what has the plant taken from the 
air? Ah! this is something most marvellous, and that 
long remained a mystery. ♦. The plants in order to 
vegetate*, absorbs carbonic acid, which is always to 
be found in the air ; decomposes it, retains and uti- 
lises the carbon and gives back the oxygen. I will 



1. What happens tu a liaru'ot that 
grows in the open air? — 2. What 
may be observed on weighing it? — 
3. Where has the plant found what 



was necessary to augment its weight 
in dry material? — 4. What has it 
taken from the air? 
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forthwith relate to you an experiment that proves this 
statement. 

285. Absorption of the carbonic i|cid of 
air* — In the course of the last century, an English 
chemist named Priestly*, had placed two mice under a 

flass shade ; naturally, after a certain length of time they 
6th died of asphyxia, having used up all the oxygen of 
the air under the shade, and of course emitted carLonic 
acid. Priestly then conceived the idea, for what reason 
I cannot tell, of putting under the same shade, into the 
very air which nad proved fatal to the poor mice, • a 
small plant with healthy green leaves. Strange to say, 
the plant not only did not die, but even appeared to 

Srosper ; this result was certainly very interesting, but 
le most astonishing part of the story is vet to come. 
Some days afterwards. Priestly removed tne plant and 
put another mouse in its stead. Now this one lived 
where the others had died ; it only died in the ordinary 
lapse of time, that is to say after having consumed all 
the oxygen ; then of course it was asphyxiated like the 
others. This proves that the plant had purified, ren- 
dered respirabley the air that had been tainted and made 
impure by animals. 

6reat was Priestly's astonishment, and no wonder! 
So much the greater was it, in those days when but 
little was known of the composition of air, or of what 
carbonic acid, or oxygen was. All this must have ap- 
peared at that time otscure enough. 

At the present day it is quite plain, thanks to che- 
mistry. It is known, as I told you, that plants absorb 
carbonic acid, decompose it in order to live upon 
the carbon, which they retain, ivhilst they reject 
the oxygen. We are thus enabled to explain Priestly's 
experiment with perfect ease and precision. The mice 
had consumed all the oxygen of the air under the 
shade, they moreover tainted it with carbonic acid, 
the product of their respiratory oxidation : an animal 
could no longer live tnerein. The plant absorbed 
the carbonic acid, retained the carbon, and restored 
the oxygen; so that the air became once more fit for 
breathing. 

284. Action of ligl^t on the g^reen parts of 
plsmt». — Upon close exatnmaViow it was seen that two 
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conditions were requisite before the plant could accom- 
plish thisprocess. 

1. P* Tnat the plant be green, for the green parts 
alone are capable of thus decomposing carbonic acid ; 
S"** That the plant should be exposed to sunshine or at 
least to sunlight. Under these conditions the rapidity 
of the decomposition coincides with the intensity of light ; 
it ceases completely in darkness. 

286. !Expepiment. — I undertook to prove to 
you all I have just advanced, so we will now proceed 
to make a simple experiment. 
Here is a large vessel of clear 
white glass (fig. 6). I filled it 
at the fountain, and brought it 
here a few hours ago, so that 
the wate? might not be too cold. 
Paul, go to the old water cask 
at the bottom of the garden and 
bring me some of those long 
green filaments that grow on 
its edges, and which I may 
tell you are called confervse. That is right. See I hang 
them on the edge of the vessel, allowing them to float in 
the water. 

We are in the shade here ; let us transport our pre- 
cious dish in full sunshine and wait a little. See now 
how many little bubbles of gas appear on the green 
wavy threads? If we shake the vessel gently they will 
get loose and rise to the surface. This gas is pure 
oxygen, which the green plant, under the influence of 
light, has formed, by decomposing the carbonic acid 
that exists in the ivater; for it is to be found in water 
as well as in air. 

Now, we will carefully shake the conforvac, so as to 
detach all the bubbles, then we will cover the glass vessel 
with this thick box so as to put the whole thing in com- 
plete darkness. When school-time is over we will lift 
It off again, and we shall see that no new bubbles of 
oxygen will have been formed, because the plant will 
have remained in the dark. 



Fip. 6. — Under the influence of 
light the green confervce have 
decomposed the carbonic acid 
uf the water, taken up the 
carbon and set at liberty the 
oxygen. 



1. What conditions are necessary 
to endble a plant to decompose the 



carbonic acid of the air, and to re- 
store the oxygen? 
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Had I hart time to f[o to the river aide to fetch you an 
aquatic plant called Pola/mogeton, you would have seen 
the same phenomenoB. but with much frreater intensity. 
Under the influence oflifrht,thia plant discharges oxygen 
with such rapidity that with a funnel I should have Been 
able to gather a sufficient quantity of it to fill a tube 
(fig. 7), with which we might 
have relighted a match as we 
didin ourchemiBti^ leason.We 
may do so at some future day. 
Thus two conditions are 
necessary for the purification 
of air by plant life, green 
substance and light. 

fi86. Parta of plants 
tliat are not gpeen, — 
But, you may inquire : what 
happens to the plants that are 
not green, and what happens 
when there is no light, during 
the night for instance, to plants 
that are green? 
'' i. That can be easily ex- 
plained. Plants that are not 
green, such as mus/irooms, or the parts that in ordinary 
plants are not green, viz : the flotners, fruit, roots, 
etc., behave towards the air, exactly the same aa 
animals: Ihet/ bum, or if you like it better, they con- 
sume the oxygen of air and they fabricate carbonic 
acid, and that whether ihcy be in light or in darkness. 
2. Asforihe green parlstheyremaininactive dv/ring 
darkness. 

287. Recapitnlation. — Af^cr all I have been 
telling you I should like some one to prove that he has 
properly understood me. Could you do so, Paul? How 
does a green plant act in the day time? — Sir, it puri- 
fies the air, it taJces in the carbon of carbonic add 
and rejects the oxygen. — Well ; can you tell me what 
particular parts of the plant are at work in this operation? 




l.Whal. as regards the i 
liebavioiir of plants Ihal 
fiven, sacb as mushroon 



^^Its 



- vkui;taiii,e rnvsitiLWir. 



i— Its green leavL'S, and ibe green parts generally. — 
Quite so; now ihe roots and bulk of the stem, how are 
they engaged whilst the green parts work so? — I think 
they act as animals do : Iheij intuite the oxygen and 
exitale carbonic acid, — That's quite right. 

Thus, simultaneously, in the same plant, two opposite 
phenomCDa take place : the production of carbonic acid 
hy the parts ihat are not ^reen, and consumption of 
carbonic acid hy those that are green. Only, the latter 
activity being very much more powerful than the 
former, the plant, not only does not augment the pro- 
portion of carbonic acid in Ibe air, but consumes what it 
tinds ihere. 

S8U. The pcal nature of the abcwrption of 
carbonic auid. — The expression « respiration of 
plants ■> as you will lind it written in many books, is 
then quite erroneous when applied to the decomposition 
of carbonic acid of the air. True those parts of the plants 
that are not green breathe like animals, J)ul the decom- 
ponitiOR of the carbonic acid by the green parts is miile 
^reverse of respiration, and bears a much closer 
resemblapco to digestion. 

The word digestion applied to plants seems to afford 
you some arauReraonI, master Paul, why so. pray ? — Be- 
cause, 8ir, plants have no stomachs. — If thai is your 
only reason, my child, it has but little value : for inere 
are membei'!! of the animal kingdom, whose Organisation 
is so very rudimentary that they arp not even provided 
with a dleestive canal, yet they are able lo digest the 
suitable aliments lhat come in contact with their bodies; 
all the surface of their body thus acting as digestive 
organs. But tell me, why do people digest? — In 
order lo nourish the body. — Well then, when the plant 
decomposes carbonic acid, don't you think it tiourishea 
itself upon Oie carbon it retains for its own use? If you 
consider the composition of the plant, you will lind that 
carbon forms about the half of its substance. 1. Well, 
tfaiA carbon it obtains from the carbonic acid of the air 
Uiat surrounds it, from the water which balbas its roots 
and which it sucks up into its body. You sec the word 
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digesUon was quite applicable, and comes oeai'er the 
truth thaa that of respiration. 

And this is why the haricot I showed you a little while 
ago, that bad breakfasted on sunlight, bad prospered and 
gro\\'n heavier. It is for this reason and alter this man- 
ner, that all green plants around us grow (fig. 8). .\11 
day long they are busy decom- 
posing carbonic acid, in order 
to lay in provision of carbon, 
30 as to be able to add to 
their stature and their weight. 
Through the dark hours of 
night they lake rest, they even 
use up a little of their store 
of carDOn laid by in the day 
time, and thus they exhale car- 
bonic acid. You see all this 
is very simple indeed. 

288. Wintep. — I see 

James has a (juestion to ask? — 

Please, Sir, in winter when the 

Fi^.s.— TbEgreen parudcroin- leaves havt! fall en oS, what bap- 

poae llie carbonic acid of Iho pens? — That is a veTV ffOod 
air, retain the rarbon. snJ '^ ,. , i ■! i ■'i?r n 

give up iiie oiygen. question, my dear child. Well, 

in winler things go on in the 
same way as during the night. 1, The plant breathes, 
and consumes day and night the carbon it had gathered 
in durine its green time, in the long summer days. 2. So 
at the end of winter (be plant weighs leas (in dry material 
of course) than at the beginning. They have lived on, 
their store. If winter were to last for ever they would 
all perish of hunger. 

Has any body any thing else to ask? — Please, Sir, of 
what use are ihe roots, since it is the leaves that nourish 
the plant? Why are they watered, why are they ma- 
nured ? — Oh I oh ! these are a good many questions at 
onee. But he patient, they will all he answerd. 

290. Part pla^«d by roots. — Of what use are 
roots? 3. In the farst place they support the plant, for 
it would be unable to sland against the wind were it 




1. What (lappens 
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not for their aid. You can L-Msily underatand this, eo I 
need insist no further on the auuJL-ct. 

Why do we water plants? Let us try to reason a 
little. A plant is like a spon^ Ml of water. In the 
air, in sunshine, if cut down, it gets rapidly dried up, 
i. It would dry up in like manner standing; but its roots 
pluoee down mto a soil more or less moist, and suck up 
into the body of the plant ihe necessary supply of water. 
Hence when the soil is dry it rec[uires to be watei-ed. 

2. Things go on in the following manner : the leases 
that the sun threatens to dry up, suck water from the 
branch on which they grow: the branch draws up its 
share from the stem ; the stem fronj 
the root, which in its turn i 
provision 



from the soil. 



k 



3, The moisture is as it were sucked 
b_y the evaporation of the leaves ; it 
rises, through the wood, circulating 
in very fine tubes or vessels. 

Thus you see plants should not be 
watered at random. It is necessary 
to consider the degree of hest, the 
state of the air, or of tho wind, the Fig.s.-ThBrootoJraM- 

- ,1 , ' I ' mit lo IhB plant walur 

area ot the plant exposed lo evapora- anriill um nuatn thnt 
tion. and also its mode of living, for '^'.'| '"' '""'"" '""" ^'"' 
whilst some plants retpiirc great 
quantities of water, others want hut litllo. These last 
have generally thick fleshy leaves that enable them to 
have a certain ipiantity of water in reserve, or they are 
provided with roots toat penetrate deep into the soil 
and reach places that are always damp. 

291. Absorption in titu Huil of notpitive 
matter. — 4. The water that the roots thus obtain 
from the soil is not pare disliltcd water; it has dis- 
solved all that could he dissolved in the earth through 
which it has filtered, and the roots absorb these sub- 
stances along with the water they suck up. 

5. This is most important, for vegetable matter contains 
not only carbon, hydrogen, and oxygen (the constituents 
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of water) and water, but also nitrogen^ although in lesser 
quantity than in tne bodies of animals. It also con- 
tains phosphorus^ potashy lime, salts, silica, iron, etc. 

1. All tnis they find in the water, which their leaves 
inhale and their roots * absorb. 

292. Blecessity of majoiiipe "". — You can easily 
believe that by dint of dissolving the diflFerent substances 
of which I have been speaking, water at length impo- 
verishes the soil, 80 that the necessary aliments of the 
plant are no more to be found therein. In nature things 
go on quite smoothly all alone. When a plant has 
grown, and when by its roots it has absorbed all the 
nourishment its soil could aflFord, it dies, falls, rots on 
the place it had exhausted, and returns to the ground 
what it had taken from it. But when a plant grows 
in cultivated land, things are altogether different, we 
cut down the plant and carry it away ; thus it happens 
with cereals*, with fodder, we cut them for use instead 
of allowing them to fall down and die like wild plants. 
And the poor earth, who will repay it for all it has given 
to the corn, to the hay? Naturally it becomes exhausted; 
and, after two or three crops of corn, has nothing more 
to give to feed corn, which refuses to grow there ; what 
has been taken away must then be given back, in 
some shape or other. 

This is why manure is indispensable. 2. All plants 
have need of nitrogen ; so farm-yard manure, which 
contains a great deal of it, does well with all of them. 
But it is a very remarkable fact, that all plants do not 
absorb exactly similar substances ; naturally, it is neces- 
sary to give back to the soil precisely the substance the 
plant has consumed in it. 3. Thus the vine contains 
not a little potash; therefore wood ash is excellent 
manure for vineyards, because it is rich in potash. 
4. Wheat contains phosphorus ; hence phosphates, 
crushed bones, will greatly facilitate its vegetation. All 
this is plain enough and easy to understand as a 
principle. 

But I must add something further. I said a minute 



1. By what agency is all this fur- 

niahed them ? — 2. Why does farm- 

manure suit all plants? — 3. Hont 



ought the vine to be nourished ? — 
4. What is the nourishment that 
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ago : « When a plant has grown, it dies, rots on the place 
it occupied, and gives hack to the earth what it took from 
it. » This is quite true, hut it is not the whole truth. 
The plant yields to the earth not only what it took from 
it, hut also what it took from the air, that is to say, all 
its carbon, its nitrogen also, which is extracted from the 
soil by a very curious and intricate process ; you can thus 
understand how it is that exhausted land left to rest, as 
people used to say, becomes fertile again, by the sole 
action of weeds that spring up upon it. Tne land is 
as it were manured by nature. Only, practically speak- 
ing, it is generally more lucrative to put dung on the land 
so as to enable it to be continuously yielding produce. 

293. Plants fabricate ^n^hat animals con- 
sume. — You now have a pretty accurate idea as to how 
plants live, and you can understand why their existence 
IS indispensable to animals. 1 . It is plants which, by 
the action of light on their green substance, take in 
carbon from the air, by means of their roots take the 
hydrogen and oxygen from water they find in the soil, 
nitrogen from the nitrogenous mineral compounds, and 
with all these fabncate the organic matter which is 
necessary for the life of animals, such as the starchy 
matter, sugar, oil, and the nitrogenous constituent of 
the corn (gluten). 2. The animal by itself cannot 
fabricate anything ; it is only capable of constantly 
transforming, of consuming, and restoring to the state 
of water, carfionic acid, nitrogenous mineral compounds 
and the organic matter which the plant had produced 
precisely with these very elements. 

3. Thus the animal eats the plant (herbivorous), or 
else it eats the animal that has already fed on plants 
(carnivorous) ; be this as it may, the animal lives on 
the plant. 

4. Affain when the animal dies, the plant finds aliment 
in its aead body ; and even during the life of the beast, 
the plant feeds on the carbonic acid rejected in animal 
respiration as well as by the waste products of its ali- 
mentation. 5. Thus the animal feeas on the plant and 



1. What do plants do with all they 
absorb ? — 2. Can an animal fabricate 
anything? — 3. On what does an 
animal live ? — 4. What services does 



the animal render the plant? — 5. To 
what may these mutual services be 
compared? 
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the plant on the animal, ^ith the help of sunshine 
and air. 

2SI4. Sm indispensJilile to life. — The first 
indispensable requisite to life is the son. 1. Were the 
sun to be extinguished, the green parts of the plant 
could no longer fulfil their functions : they would eyen 
disappear, as is the case when a plant grows in dark- 
ness. Hence no formation of new vegetable matter, 
and subsequent death of animals whose store of food 
would soon be exhausted. So it may be truly said that 
all life depends on the sun, for were its heat or its light 
to fail, nothing living could exist on the face of the earth. 

895. Subjects of study ueeessmrily left 
uoide. ^- 1 have now told you all that the limits of this 






Fig. 10. — SensiUTe plant inUct, after a shock, sleeping at midnight. 

course of lessons will admit upon vegetable physiology. 
Many more very interesting branches still remain to be 
studied. You nave yet to learn about the substances 
formed by green leaves; how the sugar contained in 
the leaves, — in the stem of the vine or in wheat, 
for instance, quits these organs and goes to form the 
sugar of the grape, the starchy matter of the grain of 



/. What woM become of plants and life generally if the sun were ex- 
Dgn'iBbed ? 
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wheat ; how it is that beet stores up in its root, during 
the first part of its existence, the sugar it will require 
during the second, when it will bear flowers and seeds : 
how the different juices circulate through plants, and 
what the sap really is; all about the bud, and how it can 
live when separated from the plant that bore it, and can 
be transplanted by grafting or by slips; how the pollen 
and the ovule come in contact with each other, contact 
necessary for the formation of the seed ; how some 
plants have one aspect in the day time and another after 
night fall, either as regards tneir leaves, as with the 
acacia, or their flowers, as with the field daisy; how 
some plants sleep; how others have parts that seem to 
have feeling, and move when touched as the sensitive 
plant (fig. 10), or the stamina of certain flowers. 

You see much remains to be learned. But the great 
thing is to understand perfectly how plants fabricate or- 
ganic matter, and I hope you all know that now. 



SUMMARY. — Vegetable Physiology. 

i. Germlnatloii (p. 326). — Moisture is indispensable to 
germination. 

2. A certain degre of heat is likewise nec6ssary< 

3. It is also indispensable that the seed have access to the air< 

4. The part of the air necessary for the growth of the plant is 
oxygen. This the plant absorbs, breathes, burns and gives back 
carbonic acid just as an animal would do. 

5. To he thus able to burn or consume oxygen, carfron is neces- 
sary ; this the young plant flnds in its cotyledons. 

6. If the seed germinates in the dark, the germination will take 
place exclusively at the expense of the carbon contained in the 
cotyledons; the plant will grow up yellow, and, if weighed after 
desiccation will be found to be lighter than a mere haricot bean 
similarly desiccated without having sprouted. 

7. Thus in the dark the plant springs up yellow, and its weight 
diminishes. 

8. If on the contrary the plant is grown in daylight its shoot will 
be green; when desiccated it will be found to weigh more than a 
haricot bean desiccated without having germinated. 

9. When the plant has exhausted the carbon contained in its 
cotyledons, or even before it is quite exhausted, it will absorb the 
carbonic acid contained in the air, and decom|K>8e it, retaining the 
carbon and giving back Ihe oxygen. 

10. The action of lif ht on the green parte of plante 
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(|). 3'28). — Plants purify the air: only in order to accomplish this 
purification the two following conditions are indispensable : 1. The 
plant must be green^ as the green parts alone decompose carbonic 
acid; 2. the plant nmst'be exposed to sunlight. 

11. In the dark, the decomposition of carbonic acid ceases com- 
pletely. 

12. Parts of Plants that are not green (p. 332). — The 
parts of plants that are not green, such as the flowers, fruits, roots, 
act, as regard the air, just as animals do, they consume oxygen and 
exhale carbonic acid. 

13. Digestion of plants (p. 333). — Thus, those parts of the 
plants that are not clad in green, breathe like animals; but the 
decomposition of carbonic acid by the green parts is rather a 
digestive than a respiratory act. 

14. The plant feeds on the carbon it retains, just as animals feed 
on the carbon they find in their aliments. 

15. In winter, when the plants have lost their leaves, and conse- 
quently have no green parts, they live on the store of carbon laid 
in during the summer. 

16. Part played by the roots (p. 334). — The roots, in the 
first place, sustain the plant, and keep it from being overturned; 
but this is not the only part they play. 

17. The water of the soil, sucked up to replace the water eva- 
porated by the leaves, contains several substances : nitrates, phos- 
phorous, potash, lime, silica, iron. These substances are absorbed 
by the plant. 

18. L'se of manure (p. 33C). — After a ceilain length of time, 
however, all these substances are exhausted by the plants; it is in 
order to replenish the earth with them that manure is necessary. 

19. Plants fabricate what animals CNinsnnie (p. 337). 
— It is the plants which with the help of their green substance 
and light, extract from the air its carbon, from the soil the hydrogen 
and oxygen of water, nitrogen from the nitrogenous mineral com- 
pounds, and that with all these substances, fabricate the organic 
matter necessary for animal life : starchy matter, sugar, oil, gluten. 

20. An animal is incapable of fabricating any thing; it can but 
restore to the state of water, carbonic acid, or nitrogenous mineral 
compounds, the organic matter which the plant had produced 
with precisely these elements. 

21. Indispensable to all this is sunlight, 

SUBJECTS FOR COMPOSITION. 

1'* composition (p. 327). — How does a plant obtain its carbon 

during the process of germination ? — Difference between a haricot 

that has sprung up and grown in the dark, and a haricot that has 

sprang and grown in the light. How does a plant breathe during 

Ibe'proceaa of vegetation?. 
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2'><« composition (p. 330). — Experiment of Priestly proving the 
absorption by green plants of the carbonic acid of air. Experiments 
of like description with confervas^ etc. 

3-^^ composition (p. 330). — The action of the green parts 
of plants. — How do these green parts act during night? — How 
do the leafless trees live throughout winter ? 

A^^ composition (p. 333). — Why are we entitled to say that 
the absorption by plants of the carbonic acid of air is a digestion 
rather than a respiration ? 

S'^ composition (p. 334 and 336). — The functionr of roots. •— 
Necessity of manure. 
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Atrial, that lives in air. 

Aggrea&ive, that attacks without having 
been provoked. 

Air-pomp, pump by which air may 
be exhausted from any vessel. 

Algeria, French colony in the north of 
-Vfrica. 

Alpsi chain of mountains that separate 
France from Switzerland and Italy. 

Alpitie, of the Alps. 

Altitade, height of a place above the 
level of the sea. 

Amphibia, animals that live sometimes 
in water, sometimes in air- 
Anatomist, one who studies the orga- 
nism of the body, be it the human body oc 
that of any animal. 

Annuals, that live only one year. 

Annalates. animals whose bodies arc 
composed of a series of ring-shaped divi- 
sions. 

Aquatic, that lives in water. 

Arable (soil), land that can be culti- 
vated. Arable soil is a mixture of calca- 
reous powder, grains of flint, clay dwst 
and animal and vegetable remains. 

Artificial, produced by art, or man's 
industry. The contrary of what has been 
produced directly by nature. 

Asia-Minor, name given by the ancients 
to that part of Asia that lies to the south 
of the Black Sea and which is also called 
Turkey-in-Asia. 

Australia, an island of Oceania, about 
the size of Europe. Belongs to England. 
The principal towns are Melbourne and 
Sydney. 

Baltic, a sea in the north of Europe. It 
lies between Russia and Sweden, and to the 
north of Germany. 

Beds (of rivers), the hollow or canal in 
which the river runs. 

Beds (of gardens), plots of ground spe- 
ciallv disposed for careful culture. 

Beer, the produce, by fermentation, of 
steeped barley or hops. 

Biennals, that live during only two 
vears. 



Bomb, hollow ball of metal, filled with 
powder and fired from a short cannon called 
a mortar. The bomb explodes by means of 
a match. 

Borneo, an island of Oceania ; belongs 
partly to Holland. 

Botanist, one who studies plants. Bo- 
tany the study, the description and classifi- 
cation of plants. 

Bow (fiddle), the instrument used to 
sound a fiddle or violin. 

Brass, an alloy of copper and tin. 

Barrow, to hollow out. 

Calcine, to reduce to powder by heat. 
Calcination, the act of reducing to powder 
by heat. 

Carapace, a sort of shell which protects 
and encloses the bodies of tortoises and 
some reptiles, etc. 

Carnivorous, animals that feed upon 
flesh. 

Cavity, a hollow. 

Century, a period of a hundred years. 

Cereals, collective name given to some 
plants of the grass family, wheat, barley, 
oats, whdse seeds, ground into flour , are 
food to mankind. 

Chio. an island in the Mediterranean 
situated to the south-west of Asia -Minor. 
Chio was parUy destroyed in 1881 by an 
earthquake. 

Colony, properly, a group of persons 
settled down in a foreign country. Applied in 
natural history to animals that live in 
groups. 

Combustion, decomposition of a body 
by the action of heat! 

Compressed, pressed together so as to 
occupy less space. 

Concave, hollow and arched as the inner 
surface of a round bodv. A concave lens is a 
piece of glass slightly noUow on both sides. 

Conical, shaped like a cone. A sugar 
loaf is conical. 

Convex, a convex lens is a piece of 
(;las.s sli^'hUy swelling out on both sides 
towards the centre. 

Cavier, celebrated French naturalist 
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, upper part of Ihe wind-pijic. 






1. tetn, pMchei, eie. «re j increiM 



FFUbM. sully rednrad 



aiua (mienllvlDg), instnuDent uud in 
order lo mate IhiniB ippear lirger and 



ClaMMHi, th>t Is In reliUon wilb Uie 
M*MiUph«TM, balC-Ei^erei. A sphere 
li iroinuf glDbc-rbaped Body. People speak 



fbflp IhrcoDliDul wiDler. 



Homry, ■ metal, called alio quicli- 






Moulded. »lial hit been shaped or 



Hawfmudland. gniat island at ibi 
ica. Ap l^ish DOjBefision. 
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"'edin, Wellington. The principal exporta- 
tions are gold and wool. 

Nocturnal, of the night; nocturnal 
bird : bird that flies abroad only during 
the night. 

Octave, a musical interval of eight con 
secutive notes. 

Oil, name given to all ^^reasy substance 
which preserve their liquid state at an or- 
dinary temperature. 

Opaque, not transparent. That cannot 
be seen through. 

Perennial, a perennial plant is one that 
remains in life for several ypars. 

Physiolofist, one who studies the 
E^cicnce that treats of the phenomena of 
life: of ihe functions of the organs in 
animals or plants. 

Pilferirg, stealing. 

Poland an ancient European state, at 
the p^c^ent day divided between Russia, 
Prus.Ha and Austria. Ihe name of Poland is 
given to the part annexed to Russia. 

Prey, spoil ; that which is. or may be 
seized by violence, to be devoured. 

Priestly, a learned chemist and experi- 
mentalist who lived in England (1733- 1804). 
The French Convention awarded him the 
title of French citizen. 

Protuberance, something that swells 
or bulges out. 

Pulse, the throbs caused by the motion 
of the blood in the arteries. Ihose throbs 
are easily felt at the wrist or the temples, 
because in these places the arteries lie 
very near the skin. 

PutrefiiOtiont rottenness. Decomposi- 
tion that takes place in all dead organic 
bodies. 

Pyrenees, chain of mountains that se- 
parate France from Spain. 

Quadrupeds, four-fuoted animals. 

Heef, a chain of rocks lying at or under 
the surface of the sea. 

Reptiles, cold-blooded, afirial verte- 
brates, whose bodies are covered over 
with false scales. Tortoises, serpents and 
lizards are reptiles. 

Rhone, a river which rises in Swit- 
zerland, runs through the lake cf Geneva, 
and continuing its course through France 
falls into the Mediterranean sea. 

Scale (musical), a series of harmonic 
sounds in their natural order. 

Siberia, country in the north of Asia. 

Slip, a twig taken from a parent plant 
and destined to be planted, to take root and 
so furnish a new plant. 

Spindle, a small instrument used for 
spinning. Is a sort of piece of wood round- 
ed like the bar of a chair, swelling out 
towards the middle and tapering M at 
either end. 



Spitsbergen, group of islands of the 
Arctic ocean, to the nurth of Lapland. 

Starch, suhstance extracted from manv 
plants, particularly from wheat. Starch 
mixed up with water is used to stiffen 
and dress linen. 

Structure, mode of composition of a 
body ; how its different parts are disposed 
in relation to one another. 

Subjugated, conquered; made subject 
to. 

Submerged, entirely covered by water. 

Sucker, an apparatus that acts upon the 
same principle as the small disc of steep- 
ed leather with which schoolboys lift up 
stones. Some animals use these apparatus 
in order to lay hold of their prey, or to 
adhere to an\ thing. 

Tamed, reduced from a wild to a do- 
mestic or mild state. 

Thermometer, instrument used to as- 
certain the degree of heat of any body or 
that of the surrounding air. Ihis is obtain- 
fcd by means of the contraction and ex- 
pansion of mercury or alcohol. 

Tinder, substance given by a sort of 
mushroom, which is made to undergo a 
chemical process which renders it very 
easily kindled. 

Tinned, lined or overlaid with a coating 
of metal. Mirrors are lined with a mixture 
of tin and mercuiy. 

Transverse, crosswise. 

Triangular, that has' the form of a 
triangle : three cornered. 

Trunk, the prolongation of the elephftnt's 
snout. 

Twilight, doubtful light; the faint light 
between sunset and night, or between sun- 
rise and day. 

Valley, a space of ground low lying 
between two or mure hills or mountains. 

Vegetation, development, growth of 
the parts that com tituate the plant. 

Ventilate, to renew the air : to make 
a fresh supply of air pass through a 
room, etc. 

Vertical, perpendicular, that follows 
the direction uf the plumb line. 

Vertebrates, animals provided with 
vertebra The vertebra is one of the 
small bones which compose the vertebral 
or spinal column. 

Volta, a celebrated Italian who studied 
natural philosophy and invented many 
instruments for his experimentation. The 
most celebrated is the electric pile, which 
still bears his name. 

Wielieska, a town in Poland. 

Wine, alcoholic liquor obtained by the 
fermentation of the juice of grapes. 

Zoophytes, animals that have a plant- 
like appearance, such as coral. 
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